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PREFACE. 



In this book I have combined the notes which have been in 
use for many years by the third-year students in Assaying and 
fart of the notes used by the fourth-year students in the Metal- 
lurgical Laboratory of the Massachusetts Institute of Technology. 

Many new data and experiments carried out by my assistants, 
by former students, and by myself, which have been accumulating, 
have now been added. The notes are written especially for the 
use of the students of the Institute and for those who are com- 
mencing assaying, but it is hoped that persons well versed in 
laboratory work and actual practice may also derive some infor- 
mation from them. 

In treating of the assay for the metals, I have endeavored to 
give first what I consider the best method or methods, with re- 
agents, the amoimt used, and the reasons for using them. The 
student thus becomes familiar with my way of working. After 
this are given the methods used or recommended by others. 

The reagents and fluxes are given as Mitchell groups them, 
for his method seems the simplest and most systematic. 

I have consulted the best works upon the subject, such as those 
by Berthier, Mitchell, Van Furman, Brown, Beringer, and Ricketts; 
any indebtedness to whom I wish to acknowledge. 

The manner of conducting the larger laboratory tests, here 
discussed, is based on many experiments and at present seems 
to be the best way to introduce students to metallurgical work 
on a large scale. 

I wish especially to thank for their loyalty and aid those 
who have been my assistants and many former students. 

R. W. Lodge. 
Massachusetts Institute of Technology, 
September* IJ904. 
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CHAPTER I. 
INTRODUCTION. 

APPARATUS, REAGENTS, AND MATERIALS. 

Assaying is a branch of analytical chemistry generally defined 
as the quantitative estimation of the metals in ores, furnace 
products, bullion, coin, etc. This definition, however, makes no 
distinction between the results obtained by wet analysis and 
those obtained by fire. For instance, oftentimes we see the 
expression "assay of copper ores" or "wet assay for zinc," mean- 
ing the determination of copper and zinc by some well-known 
wet method and not by fire. 

Assaying, strictly speaking, is the quantitative determination 
of metals in ores, furnace products, bullion, etc., by means of 
fire and dry reagents, and will be treated in this way in the follow- 
ing notes, except in some few cases where a wet method or a 
combination of a wet and a dry method is used. 

Assaying is chiefly applicable to mining and metallurgical 
operations where we wish to obtain accurate results in the shortest 
possible time. An assayer has generally to make a very large 
number of assays per day; whereas an equal number of chemical 
determinations would be out of the question. 

The student should realize at the beginning that neatness, 
care, and thorough attention to the work in hand are not only 
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essential, but are perhaps more important than in chemical work. 
He should also realize that the amount of fluxes and reagents, 
which make up the various charges, is not a matter of guess- 
work, but each is used with a definite purpose in view. 

Balances. — ^In the student's laboratory work three grades of 
balances seem absolutely essential; but one of these may perhaps 
be dispensed with in fitting up a laboratory for himself or for 
some mining company. 

I St. Flux-balance J capable of weighing 4 kilogrammes and 
sensitive to -^ of a granmae; for weighing ore samples, fluxes, 
reagents, etc. 

2d. -Pulp-balance, balance for weighing out the ore to be as- 
sayed, lead buttons from the lead assay, etc. It should be sen- 
sitive to j^ of a gramme, or 2 milligrammes. 

3d. Button-balance, for weighing the silver beads and the gold. 

This should be sensitive to 555 of a milligramme. Balances of 
this character are the most sensitive* and delicate in the world 
and the student should exercise the utmost care in the use of 
them. 

Weights. — ^For the above balances we have four sets of weights; 
but one of these may perhaps be dispensed with in the ordinary 
laboratory. 

ist. (Flux-balance). One kilogramme to one gramme, for 
weighing ore samples, reagents, fluxes, etc. Additional kilo- 
gramme weights may be purchased to weigh larger samples. 

2d. (Pulp-balance). Twenty grammes to one centigramme, 
for weighing the ore for the lead, copper, and tin assays and the 
resulting button. 

3d. Assay ton weights, 4 A.T. to -^j^ A.T., for weighing on 
the pulp-balance the ores to be assayed for silver and gold; also 
base bullion. 

4th. Set of fine weights, one gramme to one milligranmie, to 
be used with the Button-balance. 

The 2d, 3d, and 4th sets of weights must never be handled 
with anything except the proper pliers. 

For these weights there are two places, and only two — in the 
scale- i>an or in the weight-box. If they are placed anywhere else 
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they are liable to get dust and other things on them. The 
student must realize that not only his own work, but that of 
others, depends upon the accuracy of the weights, and he should 
take every precaution in the use and care of them accordingly. 

The weights formerly used in assaying were grains, grammes, 
or fractions of these. 

Having our silver or gold accurately weighed, it was neces- 
sary to calculate from this weight and the weight of the sub- 
stance taken the percentage of silver or gold, and from this 
the number of oimces per ton. One per cent is equal to 291.66 
oz. troy in i ton avoirdupois of 2000 lbs. 

To avoid this amount of calculation, the assay ton (A.T.) 
system of weights was devised by Prof. C. F. Chandler of Colum- 
bia College, N. Y. 

All our ores and base metals are weighed in pounds avoirdu- 
pois; while the precious metals, gold and silver, are weighed in 
ounces troy. 

The basis of the A.T. system is the number of troy ounces 
(29,166-1- ) in one ton of 2000 lbs. avoirdupois. 

I ton avoirdupois = 2000 lbs. 

I lb. " =7000 grains troy (i dram av. =«27"/83 grains). 

Therefore 
I ton avoirdupois = 14,000,000 grains troy. 
I oz. troy =480 grains. 

Therefore 

14,000,000 



480 



= 29, 166 -f- oz. troy. 



One A.T. = 29,166 milligrammes or 29.166 grammes. That is, 
I milligramme bears the same relation to i A.T. as i oz. troy 
bears to i ton of 2000 'lbs. avoirdupois, or 

I ton av. : i A.T. : : i oz. : i milligramme. 

Therefore, as soon as the student weighs his silver or gold, 
he can read the number of ounces troy that his ore runs per 
2000 lbs. avoirdupois. 



4 NOTES ON ASSAYING. 

Ore Used. Button Obtained. Oz. Troy per Ton Av. 

1 A.T. .ooioo grammes i 
^^A.T. .01536 " 153.6 
J A.T. .01220 " 24.4 

2 A.T. .00064 " .32 

MEMORANDA AS TO WEIGHTS AND VALUES. 

I gramme = 15-432 grains. 
I ounce av. = 43 7^ " = 28.34 grammes. 

I " troy = 480 " =31.11 " 

I pound av. = 7000 " troy. 

The ounce and pound in troy and apothecary weights are 
the same. 

One ounce of gold is worth $2o®yioo. 

One dollar gold coin weighs 25.8 grains troy 

Ten per cent is alloy (copper) 2.58 " " 

Gold 23.22 " " or $1.00 

480 grains = i oz. troy. 

480 ^ A «, / 

.-. =20.07 or ^^^ /iQQ per oz. troy. 

$800 in gold weigh 43.00 oz. troy. 

.-. -^X43 or 38.7 oz. troy is gold. 
.'. I ounce troy = $2o®Vioo. 

One silver dollar (by law of U. S. 90 parts silver, 10 parts 
copper) weighs 41 2 J grains. %i2^^/^qq in silver coin weigh 11 oz. 
troy, or i oz. is worth $1^100+ • $1.29+ Xi6=$2o®yioo; hence 
the ratio in coinage of 16 to i. 



One ton of gold is worth 29,166 oz.X$20.67, or $602,861.22. 

$20.67 
One gramme of gold is worth =66 cents. 

One grain of gold is worth ^^/^q cents. 
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When we speak of gold we often refer to it as so many carats 
fine. In this case we mean parts in 24; that is, if a ring is 22 
carats, it means that 22 parts in 24 are gold, and the other two 
parts alloy of either silver, copper, or both silver and copper. 

An ordinary carat = 205 milligrammes or 3 V^ grains troy, i.e., 
151.76 carats « i troy oz. Jewelers divide this carat into 4 grains, 
called diamond-grains or carat-grains. 



ASSAY REAGENTS. 

The reagents used in assaying may be divided as follows: 

I St. Reducing agents. 

2d. Oxidizing agents. 

3d. Desulphurizing agents. 

4th. Sulphurizing agents. 

5th. Fluxes. 

ist. Reducing Agents. — When a metal is separated from 
a state of chemical combination it is said to be "reduced," and 
the process of separation is termed "reduction. " (Percy.) 

The agent by which the reduction is effected is termed a 
"reducing agent." (Percy.) 

2PbO+C=2Pb-f-C02. 

Here the carbon is the reducing agent. 

PbS-f-Fe=Pb+FeS. 

In this reaction the iron reduces metallic lead; but we generally 
speak of the iron as a desulphurizing agent. 

A reducing agent is also defined as a substance which is capable 
of taking away oxygen from those compounds with which it is 
combined and which are willing to part with it. 

Chemically, it is defined as a compound or element which 
takes away an acid radical and gives up a basic one. 
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The following are the reducing agents most commonly used: 
Charcoal.— Yrom the reaction 2PbO-f C=2Pb-f CO,, this 

207 X 2 

should have, if pure, a reducing power of — = 34^ grammes 

of lead. But as used it is seldom pure, and it has a reducing 
power of only 24 to 28 grammes. 

Argols. — ^Reducing power of 7 to 11, depending upon the 
purity. 

Cream of Tartar. — ^Reducing power about 5 grammes. 

Potassium Cyanide. 

Flour. — Reducing power about 11.9 grammes. 

Starch.— " " " 12 

Rosin. 

2d. Oxidizing Agents. — ^These give up oxygen easily. 

Oxygen of the air: 2FeS2+ iiO =4802+ FeaOg. 

Litharge: PbO+Fe = FeO+Pb. 
2PbO+S = S02+2Pb. 

Ferric oxide (FejOa) and Manganese binoxide (MnOa). — ^^ 
the presence of carbon these are both reduced to protoxides: 
Fej03+ C = 2FeO -f CO. (See page 67.) 

Nitrates 0} Potassium and Sodium. — ^These are most power- 
ful oxidizing agents; and if in the presence of sulphides an 
excess is used, HjSO^ is formed. On sulphides of Ag, Cu, and 
Pb, that is, sulphides not easily oxidized, the nitre, if used in 
exact quantity, will leave the metals pure, and oxidize the sulphur 
to H2SO4 or SOs or both. On other sulphides it not only forms 
SOj, but also the oxides of the metals: 

4ZnS+ 6KNO3 = 4ZnO+ 3K2SO4+ SO2+ 6N. 

A substance is oxidized when oxygen or some other acid ele- 
ment or radical is added to it; or when hydrogen or a basic ele- 
ment is taken from it. For the determination of the oxidizing 
power, see page 71. 

Alkaline Carbonates.— These owe their oxidizing power to the 
CO2 contained and given off upon heating: 

NaaCOa-NaaO-f-COj. 
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3d. Desulphtirizing Agents. 
Oxygen: 2FeS2+ 1 lO = Fe203+ 4SO5. 

Charcoal, — ^Forming sulphide of carbon and reducing sul- 
phates to sulphides: FeS04+3C=FeS4-2CO+C02. 
Iron: PbS+Fe = FeS+Pb. 
Alkaline Carbonates: 

4K2CO3+ 7PbS = 4Pb+ 3(K2S,PbS) + K2SO4+ 4CO2. 

Litharge: PbS-f 2PbO = SO2+ 3Pb; 

2FeS2+ iiPbO =Fe208+4SO,+ iiPb, 
or FeSj-f sPbO = FeO+ 2SO2+ sPb. 

Litharge decomposes all sulphides in this way, and in so doing 
lead is reduced and we find that 

I gramme of pyrite will reduce about 10 grammes of lead. 

I " " blende " " " 9 

I " " galenite will reduce about 2\ * 






Nitre. — ^This acts under heat as follows: 
2KN03 = K30+N205; N205 = 2NO+30; .-. 3Pb+30 = 3PbO. 

4th. Sulphurizing Agents. 

Sidphur. 

SulphideSy such as iron pyrites and galenite. 

5th. Fluxes. — ^A flux is something which, if added to a body 
infusible by itself or with difficulty fusible, will cause it to fuse. 
For instance, take some quartz carrying free gold, the amount of 
which we wish to determine. In order to melt the quartz, which 
is acid, we shall have to heat it far above 1064° C, the melting- 
point of gold. Still the gold will not entirely separate. If, how- 
ever, we add some NajCOg, a basic flux, to the ground quartz, we 
shall form a fusible silicate of soda, and the gold, owing to its 
high specific gravity, will then separate out easily. 
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The sodium carbonate is the flux added: 

Na,COa+ SiO, = Na,SiO,+ CO^ 
and the sodium silicate is the slag formed during the fusioa. 

To determine what flux or fluxes to add to any ore or material, 
the student should remember that if the ore is basic, like lime- 
stone or iron oxide, it will require a flux which acts as an acid, 
like silica or borax. If the ore is add, it wiE require a flux which 
acts as a base, Kke iron oxide, limestone, or litharge. 

The following are the principal fluxes used in assaying: 

Litharge Borax Nitre KCy 

Lead Borax glass Limestone 

Na^CO, or NaHCO, Silica Fluorspar 

K3CO, Argols I IroxL oxide 

Charcoal r 
Flour ' 

FUSION PRODUCTS. 

In all the fusions he makes, whether by scoiificaticxi or by cru- 
cible, the student should obtain a button of some of the metals, 
a slag, and possibly a matte or a speiss besides. 

Slag. — This is the refuse or waste material from the ore or 
substance worked upon. Slags are either acid or basic. An 
acid slag tends to be glassy and brittle, and when melted can be 
pulled out into long strings like molasses candy. If the slag is 
basic, it is dull and stony-looking; it is tough when cold and can- 
not be pulled out into strings when melted or near the chilling- 
point. 

Slags should be homogeneous and contain no streaks or parti- 
cles of substance that are apparently imdecomposed. They vary 
in color, depending upon the fluxes used and the ingredients in the 
ore or substance. A red slag indicates copper oxide (CujO); a 
very light green indicates a ferrous silicate. At times the color 
seems to depend upon the temperatmre at which the fusion was 
conducted. 

The four following fusions made at one time will serve as an 
example: 
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ORE NO. 1551. 
A silicious ore carrying a little iron oxide and a small amouijt of pyrite. 



2A.t 



'aB.t 



3.§ 



Ore 

Sodium bicarb., grammes . 

Borax, " 

Litharge, " 

Argols, 

Salt 



Weight of Pb button 

Weight Ag and Au 

Correction for the Ag in the PbO used , 

Weight Au 

Ounces per ton Ag 

Ounces per ton Au 



I A.T. 
60 

5 

50 

3 

cover 

29 

27.90 

2-75 
24.6 

2-75 



I A.T. 

50 

.4 

50 

3 

cover 

29 
28.05 

0-5I 
2.63 
24.9 
2.63 



I A.T. 

50 
4 

50 

3 

cover 

33 
28.25 

2.70 
25.0 
2.70 



2 A.T. 
80 
6 

70 

3 
cover 

34 

55-65 

0.72 

5.26 

24.8 . 

2.63 



* Fused 55 min. at bright heat Slag, dark gray, stony, homogeneous, opaque. 

t Fvised 55 min. at bright heat. Slag, dark gray, streaked with black, somewhat 
glassy, opaque. 

X Fused 55 min. at much lower heat. Slag, green, stony, homogeneous, translucent on 
edges. 

§ Fused 55 min. at bright heat. Slag, dark green, streaked with black, somewhat 
glassy and translucent on edges. 

All slags obtained from any work should be kept in the proper 
trays on the iron table, for they will soon destroy the furnace- 
linings if they get mixed with the fuel. 

The student may also meet with the following: 
Matte or Regulus. — These terms have the same meaning. 
The former is generally used in this country, and the latter abroad. 
They are applied to a metallic sulphide, formed by the com- 
bination of the metal with sulphur at an elevated temperature. 

Copper matte = 2CU+ S = CugS ; 
Iron matte == Fe +S = FeS; 
Lead matte = Pb + S = PbS. 

Speiss or Speise. — This term is applied to a metallic arsenide 
or antimonide formed in smelting operations, so we speak of a 
nickel-cobalt speiss or an iron speiss. 

Examples: 

Iron Speiss =Fe^Asy containing 21.12% As, 
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If we use iron in assaying an ore containing arsenic, we often 
CHr — 8p«in.H«daiiai»ffo* find as the result of the fusion a lead 
\^ L«tfd.8offr«idiiutiiMbi«. |j^|.|.Qjj g^j^j ^ speiss lying above it thus: 

A high temperature tends to the formation of an iron speiss 
(see assay of gold ores, page 121). 

When we have metal, speiss, matte, and 
slag all in one fusion, they separate out in the 
order given in the figure. 

It seems rather doubtful in what condition 
the antimony and arsenic exist in a speiss. y^M/m ^'^ 
It is generally true that as the antimony and ^M?^n Matte 
the arsenic increase in amount, the specific h^^aJ ^^^ 

■ i • ^^^^^r Metal 

gravity of the speiss also increases. 

FURNACES AND FUELS. 

In our assay work we make use of two kinds of furnaces, 
the muflSe and the crucible furnace. In the latter our assay 
vessels are in direct contact with the fire, while in the former they 
are not. These furnaces may be heated with soUd, liquid, or 
gaseous fuel, the choice and use depending partly upon price 
and partly upon locality. 

Crucible fusions can also be made in a muffle, and some fur- 
naces are built in combination. 

Our solid fuel consists of charcoal, coke, anthracite, and bitu- 
minous coal. Any of these may be used in heating a muffle-furnace, 
the first three heating it by actual contact, the last by its flame 
alone. All, with the exi:eption of the bituminous coal, can be 
used for the crucible-furnace. Gaseous and liquid fuels may be 
used in either furnace. 

In using soUd fuel the furnace has to be constantly fed; 
whereas in using gaseous or liquid fuel the supply can be regulated 
and the heat much better adjusted. 

The furnaces themselves may be made of bricks or tiles alone 
and then hooped with iron, or an iron shell may be made of the 
desired shape and size and then lined with fire-brick on the 
inside. These bricks should fit very closely together, and the 
least practical amount of fire-clay mortar should be used. The 
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brick and tile furnaces, hooped with iron, are certain to crack, 
owing to the constant expansion and contraction. 



REFRACTORIES. 



Fire-clays. — ^Fire-clays are practically silicates of alumina, 
and are so named on account of their ability to resist high tem- 
peratures without softening. They are also called refractory 
clays. Their plasticity depends upon their water of combination: 



2Al208,3Si02; 



Al203,2Si02+H20. 



Their shrinkage is from 2 J to 5 per cent. 

The impurities most commonly found in clays are oxide of 
iron, carbonate of lime, and the alkalies. These aU tend to make 
the clay fusible, as they combine with the silica present in the clay. 

The nearer we can have the clay to a simple combination of 
SiOj and AljOg the better it seems to be; and the larger the pro- 
portion of SiOj the more refractory it is. 

Percy gives the following analyses of clays: 



Stotirbridge Clay, 
used for Glass-pots. 

SiO, 63.3% 

AlA 23.3% 

CaO 73% 

FeO 1.8 % 

H O and organic 

matter 10.30% 



BeWium. 

57- 12% 
29.06% 

.04% 
Fe.O, .45% 



Dowlais, 
South Wales. 

67.12% 

21.18% 

.32% 

1.85% 



KaoUne. 

53.7% 
44.3% 
Trace. 

.9% 



9.30% 

MgO .70% .84% 

Alkalies 1.14% 2.02% 

HjO of combination 4 . 82% 

Hydroscopic water i . 39% 



K,0 
Na,0 



Trace 
1.2% 



Some authorities go so far as to say that a small amount of 
alkalies is rather beneficial, as they act as a sort of cement to 
the material. 

Fire-brick. — ^These are made from refractory clays and vary 
not only in composition but in the texture of material. Some 
bricks are very coarse-grained and some very fine, depending 
upon where they are to be used. They fuse at between 1400° 
and 1700° C. Prof. Norton of the Institute found that some 
fused at between 1600° and 1700° C. 
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FURNACES USED IN THE LABORATORY AT THE 



Opening to flue. Draft partly 
regnlated by loose brick 



Iron shell, lined with fire brick 

-Feed door for fuel 
MufQe 
Stoking door 

— Ash pit 
MUFFLE-FURNACE. 





Slidluff cover, tlleliooped 
With iron 



Iron ahell 



CRUCIBLE-FURNACE. 
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Scorifier-tongs. 



Muffle. 




Crucible-tongs. 




r^r" 



MUFFLE- FURNACE (judson). 

6=stoking-door. In small furnaces sometimes it is at a. 

c= ash-pit. 

<i = muffle. 

«=» where fuel is charged. 
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Crucibles. — Crucibles are made from prepared clays, or from 
suitable mixtures, in either of two ways: 

ist. By moulding upon a potter's wheel. 

2d. By compressing the clay or mixture into moulds of the 
desired form. 

Crucibles should have the following properties: 

1. They should be infusible. 

2. They should be able to withstand sudden changes of 
temperature. 

3. They should be only slightly acted upon, not only by the 
charge within, but by the ashes from the fuel without. 

4. They should be as much as possible impermeable to the 
substances fused in them, and also to gases.i 

The most infusible crucibles are made from clays having a 
high percentage of SiOj and carrying only small amounts of iron 
oxide, lime, and the alkalies. 

Lime, magnesia, and alumina crucibles* are sometimes made . 
and are extremely infusible, but they are used only for special 
purposes. 

The infusibility, as well as the power to withstand sudden 
changes of temperature, is increased by adding some substance 
like quartz, graphite, coke, and ground flints to the clay. These 
substances neither expand nor contract and they make a sort of 
infusible framework for the rest of the material. Old crucibles 
or old glass-pots, with the vitrified matter carefully chipped oflf, 
are sometimes used. Crucibles that are dense and close-grained 
are the least acted upon by the fusion, i.e., the material must be 
finely ground and not coarse. This is the reason why a crucible 
like the Beaufay is so much superior to a Hessian. 

Crucibles are tested, as regards their resistance to oxides, by 
fusing litharge (PbO) in them and noting the time it takes the 
litharge to eat through. 

Filling the crucible with water and noticing the time it takes 
to make the crucible moist upon the outside is a test as to its 
permeability to liquids. 

A clay crucible should not be placed directly upon hot coals. 
It will crackle audibly and later on it may crack. Always put 
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some cold fuel upon the fire and then place the crucible or cru- 
cibles upon that. 

Berthier gives the following analyses of crucibles: 

SiOj. AljOs. FeaOs. BfgO. KsO. 

Hessian 70.9% 248% 3-8% Made of clay and sand. 

^ 1. , rsy «^ r.y S ^sed foF melting steel. 

^"^^ 71% n% 4% \ Probably clay alone. 

St. Etienne. . 65.2% 25% 7-2% Used for melting steeL 

Bohemian . . . 68% 29% 2 . 2% . $% Used for melting glass. 

Cornish 72-39% 25.32% 1.07% .38% 1.14% 

Beaiifay 64.6% 344% 100% 



Crucibles are used both in the burnt and the unbumt condition. 
Small crucibles are generally kiln-burnt. The large clay pots 
made at Stourbridge, England, and used largely by brass-founders 
are never burnt, but are slowly dried and then heated very carefully, 
as a graphite crucible would be when placed in the furnace. 

Oftentimes it is necessary to give crucibles a coating of some 
substance that will prevent absorption by the crucible and yet be 
harmless to the fusion. Silver chloride, for instance, will very 
quickly soak into the pores of a crucible. To prevent this, take the 
new crucible and fill it with a boiUng saturated solution of borax, 
allow to stand for some minutes and then pour out. Set crucible 
aside to dry. Borax and borax glass may also be melted in the 
crucible, and then swashed aroimd imtil the inside is glazed over. 
This glaze not only prevents substances soaking into the crucible, 
but acts as a glaze of salt would, and prevents any metallic par- 
ticles adhering to the sides of the crucible. 

The size of most crucibles is indicated by letters or numbers, 
stamped on the side or bottom. The larger the number or the 
higher the letter in the alphabet, the larger the crucible. Any 
number may be purchased. Original casks of Battersea cru- 
cibles contain, of A's, 1800; of F's (5" highXs" diam.), 500; of 
G's (sr X3r), 400, and of H's (5^X3*"), 300. 

The sizes of Hessian crucibles, triangular and round, are 
designated as 3's, Small 5's, Centimetres, Large s's; 6's, 8's, Half 
size. Large size. 

Covers are sold to fit all sizes of crucibles. 
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GRAPHITE CRUCIBLES. 

Graphite is pure carbon when the mineral itself contains no 
impurities. It may occur massive, earthy, or crystalline, and is 
often found in scales and grains in granite, limestone, and slate. 
The principal sources of supply are Ceylon, Russia, Mexico, and 
Ticonderoga, N. Y. 

Pure graphite neither melts, softens, nor changes in any way 
when heated to very high temperatures, provided oxygen is ex- 
cluded. It bums very slowly when heated in the air. 

Percy gives the following as analyses of some samples of 
graphite: 

Sp.Gr. Vol. Matter. Carbon. Ash. 

(SiO, 52.5%; AIP3 28.3%; 
EngUsh. .. 2.34 1.10% 9155% 7-35% i FePg 12%; CaO and 

English... 86.7% 13-3% Used for pencils. 

Ceylon.... 96.1% 3-9% 

Russian. . . 2.17 . 72% 94 . 03% 5 . 25% 

As graphite is not plastic, it is mixed with j5re-clay and then 
moulded. The proportions are generally one part fire-clay and 
three parts graphite, the clay acting as a frame for the crucibles. 
They withstand extremely high heat and sudden changes of tem- 
perature. Oxides, when fused in them, are reduced to the metallic 
state and soon consume the graphite in the crucible. This, 
together with the gradual consumption of the carbon upon the 
outside of the crucible, eventually destroys them. Before using 
they should be kept in a dry place and annealed right side up 
at about 250° to 300° Fah. until free of moisture. When first 
heated, it is safer to place them in the fire in an inverted position, 
otherwise they are liable to crack and sometimes to explode. 
When red all through they are turned right side up and are 
then ready to receive the charge. In crucible-steel works it is not 
possible to do this owing to the crucible being full when placed 
in the furnace, but there is always a deep layer of unburnt fuel 
beneath them when used. 
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The first fusion should be made as rapidly as possible con- 
sistent with the safety of the pot, so as to glaze both 
outside and inside by melting the binding material. 
The tongs for lifting them should fit just below 
the bulge of the crucible. This avoids any danger 
of undue squeezing and consequently cracking. 

Although the crucibles are all carefully made, there seems to 
be a great difference in those of one lot of the same grade 
and intended for the same purpose. The material to be fused 
in them determines their composition and the manner of treat- 
ment during their manufacture. A crucible may stand from one 
to thirty or more fusions, depending upon the manner of their 
handling and the substance fused in them. 

The texture of the graphite and the kind of fire-clay employed 
has a great deal to do with this, as well as the manner of baking 
and firing. (See Iron Age, May 20, 1897, paper by John A. 
Walker.) 

The Jos. Dixon Crucible Co. (mines at Ticonderoga, N. Y., 
and works at Jersey City, N. J.), in making their crucibles, use 
about 50% graphite, 17% sand, and 33% fire-clay (air-dried). 
They have also twenty or more other formulas, according to the 
use to which the crucible is to be put. The fibrous variety of 
graphite is preferred, because its binding properties are greater. 

The graphite must pass a 40-mesh screen; if it is ground too 
fine, the crucible will be too dense; if too coarse, the crucible 
will be too porous. 

The sand must also pass a 40-mesh screen. 

Manufacture. — Formerly the clay was made into a thin paste 
with water and the sand and graphite next mixed in and 
passed two or three times through a pug-mill. The ingredients 
are to-day thoroughly mixed and kneaded in a machine with 
revolving knives and then tempered several weeks in a damp 
place or kept covered with damp cloths. Weighed lumps of 
the tempered material are next kneaded and then moulded 
on a wheel, or else the kneaded dough is put into a plaster- 
of-Paris mould, which it only partly fills, and rammed in hard. 
The mould is now put in an iron holder and set revolving, 



1 8 NOTES ON ASSAYING. 

while a plunger is gradually lowered at one side into the mould. 
By its action the dough now gradually rises up to the top of 
the mould and we have a crucible inside a plaster-of-Paris mould. 
This method of manufacture tends to place the graphite flake 
tangentially. The crucibles are allowed to stand in the moulds 
several days, during which time part of their water is absorbed. 
They are then removed, finished, or smoothed on the outside and 
dried for a week or more at 70° to 80° Fah. Finally they are 
burned in a pottery-kiln, heated by anthracite or a long-flaming 
wood. The temperature is 1100° to 1300° Fah., and the flame 
does not touch the crucibles. 

Graphite crucibles are numbered from 00 upward, and up 
to about No. 16 cost so much per crucible; beyond this they 
cost so many cents per number and are supposed to hold 3 lbs. 
of metal per number. 

Scorifiers. — These are the vessels in which the scorification 
process is carried on in the mufile. They are made of refrac- 
tory clay which is more finely ground than that used in the manu- 
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facture of most crucibles. One man, in eight hours, can make 
about 1000 of them, and they would weigh from 150 to 250 lbs. 
The principal foreign makes are the Battersea (English), Beau- 
fay, and Freiberg. The forms are either deep or shallow. The 
sizes are i", li", ij", 2", 2i", 2^', ^W 3", Si", 4", and 5" 
diam., outside measurement. 

Original casks hold 2700 of 2y diam., 1600 of 3", and 650 

of 4". 

Scorifiers may be used more than once, but as they are very 
cheap it hardly pays to run the risk of their being eaten through 
the second time they are used and thus losing an assay. If *the 
inner surface is rough and much corroded no attempt to use them 
a second time should be made. When scorifying a lead button, 
to diminish it in size or to oxidize the impurities present and to 
slag them off, a small amount of silica (SiOj) should always be 
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added alter the lead button has fused and commenced to '' drive J* ^ 
The PbO combines with this, and by so doing the scorifier is not 
so much attacked and eaten into. 

Cupels. — These are used for the cupellation of lead buttons 
containing silver and gold. They are made from the bones of 
horses or sheep and have the property of 
absorbing the oxides of the base metals, 
leaving the gold and silver. The bones are 
burned until they are perfectly white, leaving 
from 60% to 70% ash, and are then ground so 
fine that they will pass a 40- to 60-mesh sieve. 
The bone-ash is then ready for use and consists chiefly of calcium 
phosphate (3CaO,P205), with some calcium oxide (CaO). The 
bones of oxen, according to Bloxam, analyze before burning as 
follows: 

Animal matter 30 . 58% 

Calcium phosphate 57 . 67% 

*' fluoride 2.69% 

** carbonate 6.99% 

Magnesium * * ! 2 . 07% 

The ash from the burned bones would then analyze about as 
follows: 

Calcium phosphate 88 .00% 

** fluoride. 4.10% 

" oxide 6.39% 

Magnesium oxide i-Si% 

The following will give some idea of the bone-ash on the 
market as passing a 40-mesh sieve: 

I St Barrel. 3d Barrel. 

On 4c>-mesh sieve 5 % .g% 

Through 40 on 60 sieve 3.00% 26.2% 

** 60 ** 80 ** 15.90%) 19-2%) 

" 80-100- 27.8o%U6.5o% 2i.8%U3.i% 

*' loosieve 52.8% ) 32.1%) 

The cupels are made by moistening the bone-ash with water 
alone, or with any one of the following solutions: pearl-ash, 
borax (i% to 2%) in HjO, sour beer or molasses (1% to 3%) 
in HjO. Some prefer one, some another. It is made just 
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moist enough to stick together when pressed in the hand, and 
the cupels must come out of the moulds easily. 

I o to 24 per cent of water will suffice, depending upon the 
freshness and the quality of the bone-ash. A less percentage will 
be required if a binding substance Uke molasses is added to the 
water. 

It is then ready to compress in the cupel moulds of any desired 
size, either by Jiand or by machine. The compressing, if done 
by hand, is a matter of practice. Some assayers prefer to make 
the bottom layer of a cupel of 40-mesh material and then put 
a finer layer on top, compressing all at once. If too much com- 
pression is used, the cupels will be too hard, the litharge (PbO) 
will be very slowly absorbed, prolonging the cupellation and 
resulting in the loss of precious metals. 

If too soft, they are fragile and the litharge will be apt to 
carry the precious metals with it into the cupel. 

They should be well dried, preferably air-dried, before using, 
and finally heated to the jull temperature of the muffle, so that 
they are red all through, before the lead button is dropped into 
them. If they are moist and contain organic matter, they will 
" spit " and throw the melted lead about, thus spoiling the assay. 
Provided the button will go into the bowl of the cupel and the 
cupel is thick enough, it will absorb its own weight of PbO. 
Cupels can he used only once, and they should never be heated to 
the full temperature of the muffle, taken out, again heated and 
used. The amount of lead absorbed as oxide is about i gramme 
per minute. The student will save time and also danger of crack- 
ing the cupels, if he has them warming on the furnace while he 
is scorifying. 

Muffles. — ^These hold the scorifiers and cupels. They are 

made of refractory clay and come in various 

sizes and shapes, some with high and some 

/f^^^^^^^\ ^.y^^^ with sloping sides. Most of them are 

closed at one end, but some are open at 

both. The size is indicated by letters: 

J is 12" long X 6" wide X 4" high, outside measurement. 

L" 15" '' X9" " X6" " 
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The L will weigh about 13 lbs. 

Original casks contain 50 of the J's and 25 of the L's. 

The cost depends upon the size, that of a J being about 
80 cts. 

The length of time they last depends partly on the way in 
which they are supported in the furnace and partly on the care 
with which they are used. 

If the student spills anything in one or a scorifier eats through, 
he should immediately scrape out the substance with a scraper, 
throw in some ground bone-ash and 

scrape it out again. This prevents the '^J ^^^\ 

slag or the PbO from eating a hole 
through the muffle. Finally sprinkle in a layer of bone-ash. 

The life of the muffle, as well as that of the furnace, is pro- 
longed if the student observes the following precautions. When 
he is through using a furnace, let him shut off all drafts, leave the 
muffle closed and the furnace, whether muffle or crucible, banked 
as much as possible. By so doing all parts will cool down slowly, 
avoiding danger of cracking. 

MORTARS AND LUTES. 

When laying bricks or making repairs about a furnace where 
heat is used, it is always advisable to wet the bricks and the places 
that are to be repaired, previous to applying the mortar. 

Mortars and lutes are always made up dry and thoroughly 
mixed before the requisite amount of water is added. 

Fire-bricks are laid in fire-clay, and the less of this that is 
used and the closer the bricks are to each other the better. 

Muffles may be set in place with a mixture of § ground fire- 
brick (through i2-mesh or through 30- mesh sieve) and Yj fire- 
clay with a few pinches of Portland cement. This last makes 
the mixture adhere better and also makes it firmer and harder. 
Another mixture for patching furnaces, where the brickwork is 
broken or torn out, consists of 

7 parts fire-brick (through 12), 
2 '^ cement, 
I part fire-clay. 
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If this is put on as dry as it can be and yet stay, so as not to shrink 
away, it will make a patch or joint as solid and as hard as the 
original brick. 

Broken muffles may be made to last many days longer by 
judicious patching with some of the following: 

Where the bottom is almost gone, use a mixture of 

2 parts cement, 

I part ground fire-brick, 

Vs to V2 P^-rt fire-clay. 

For patching cracks and holes, a mixture of glass, sand, and 
clay, to which a few pinches of litharge have been added, answers 
nicely and, after one good heating, becomes as hard as the muffle. 

In some cases I have used with good results a paste consisting 
of asbestos (short fibre) and silicate of soda. 

For patching and repairing the walls of crucible-furnaces 
use the first mixture recommended for setting the muffles. Old 
graphite crucibles ground and used alone or mixed with a little 
fire-clay make a splendid mixture which is much used in crucible- 
steel works. 



CHAPTER II. 
SAMPLING. 

Labelling Samples. — Every lot or sample of ore, whether in 
barrels, sacks, boxes, or bottles, should have a name or number 
attached to it. When the sample is received, the first thing to 
be done is to record in a note-book the date received, name, 
number, and any other data connected with it. If the sample 
has no number, one should be given to it to identify it in the future. 

Having noted the number of sample, region produced, date 
received, etc., the next thing to do is to obtain the gross weight. 
If the ore is wet, two samples of from 5 to 20 kilogranmies each 
are taken and the moisture determined. The ore is now dumped 
upon the sampling-floor and the tare of the boxes, sacks, or barrels 
is taken and the net weight of ore obtained. Next the student 
should examine the ore carefully and learn all he possibly can in 
regard to the gangue and the minerals contained therein, for this 
can be done better while the ore is in a coarse condition. 

The sampling comes next, and is done by gradual crushing, 
mixing, and sampUng down as performed according to the 
ring-and-cone or Cornish method. All other products coming 
from this original lot should also retain its number. For in- 
stance: 

Sample No. 1420. Lead Ore from Missouri. 
" 1420-1. Heads from jig A. 
" 1420-2. Taihngs from jig A. 

Any part of the sample not to be used in the test or assay 
should be immediately put in sacks, boxes, or barrels. All 
products, of every description, whether in sacks, hods, pails, or 

23 
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boxes, should be labelled in some way, otherwise they are liable to 
be misplaced or thrown away. If to remain about the labora- 
tory for any length of time, they should be covered up and not 
left in open receptacles. 

By observing these few precautions no products can be lost, 
misplaced, or contaminated, as is so often the case. The student 
should bear constantly in mind that if one product is lost, the 
final summing up of the test or run is made impossible. 

In taking up this work I shall give general directions as to the 
methods employed, but shall say nothing in regard to how far 
a lot of ore, of a certain size or richness, can safely be cut down. 
Owing to certain experiments still going on, I am led to believe 
that no rule can be laid down in regard to this, and that each 
lot of ore is a case by itself. 

I do believe, however, that every final sample should be 
crushed through a 120- or 140-mesh sieve at least. If there were 
only some machine which would do it easily and rapidly, and not 
contaminate the sample, I would crush every final sample through 
a 200-mesh sieve. Many errors in assaying and chemical work, 
as weir as non-uniformity in results by different analysts on the 
same sample, are due simply to the sample being in a too coarse 
condition. To send samples (other than metallic drillings) which 
might be passed through a 200-mesh screen, but have not been 
so treated, to different assayers and chemists in order to make 
a comparison of different methods seems to me not only a waste 
of time, but I beUeve that entirely erroneous conclusions may be 
drawn from the data collected. 

In all sampling work, the student should bear constantly in 
mind two important things: 

I St. That each step in the process must be thoroughly and 
carefully performed. 

2d. That every piece of apparatus or machine must be clean 
and free from all dust and ore previous to its being used- 

By adhering to these rules one ought to obtain a correct 
sample for assay or analysis; by disregarding them one will 
not only obtain an incorrect sample, but will find minerals in 
the sample that were never present in the original ore. 
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Ores may be sampled in three ways, each of which has its 
advocates: 

1. By coning and quartering, the Cornish method. 

2. Automatically by machines, especially applicable to sam- 
pling-mills, where the whole stream of ore, after leaving chisher or 
rolls, is taken at given intervals. 

3. Automatically by machines, also appUcable to sampling- 
mills, where a part of the stream of ore is taken all the time. 

The first method will be described in these notes. 
We may divide our material into two classes: 

A. Large lots containing over 4000 lbs., also waste-dumps, 
gravel, placer, and similar deposits. 

B. Lots of 4000 lbs. and under. 

Class A. — If the material of this class is in heaps and in a 
five condition, it may be very accurately sampled in the following 
ways : 

I St. By digging cuts or holes into the piles in every direction 
and taking out 50 to 100 lbs. from each place. 

2d. By boring holes into it in various places with a large auger 
2" to 6" in diameter, fitted to a long iron handle. . 

The borings should fall upon a piece of canvas, and all borings 
should be saved. 

In both methods all the portions from the various holes are 
put together, thoroughly mixed, sampled, and quartered down in 
the manner described under Class B. 

If the ore is in coarse large lumps, it is best sampled by means 
of the tape-line. This method is much used on iron ores. A 100- 
or 200-foot measure is taken and dropped over and around the 
ore-pile in different directions. Take a part or the whole of every 

piece of ore upon which each ^^— r^^ - -^ 

foot-mark of the tape rests. /^\ I ^\ ^^'1/^~_ ^^^-^K^>v 

Any laborer can do this, as \.^^~^j '^^^~ 

there is no question of judg- ^>^-x^ 

ment about it. Where a sample is taken by sele^ting^-pieces 
here and there all over a pile it is extremely difficult to obtain 
a fair average, for a person's judgment is influenced, in spite of 
himself, by the appearance of the individual pieces, and this is 
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particularly true where he is thoroughly acquainted with the 
character of the ore being sampled. The sample, when obtained, 
is crushed and treated as described under B. 

If the ore comes in cars, which generally hold from 15 to 30 
tons, it is either in a loose condition or in sacks. (If rich, it is 
always in sacks.) If it is in sacks, it is first weighed, and if of 
low grade, i.e., below 100 oz. per ton, every fifth or tenth sack is 
taken out and conveyed to the sampling-floor. . If it is of high 
grade, every fifth sack is taken. This brings the sample down to 
3000 to 6000 lbs. If the ore is loose in the car, a space is cleared 
in the centre and every fifth or tenth shovelful is set aside for the 
sample. If ore is rich, every third is set aside, the remainder 
going to the ore-bins. This process is repeated until the sample 
representing each car weighs from 3000 to 4000 lbs. If the ore 
is moist, two samples, each weighing at least 5 kilogrammes, 
should be taken at this time to determine the moisture. 

Having our sample of ore, weighing in this case 3000 to 4000 
lbs. and representing the total amount of ore received in the car, 
the whole is treated as in Class B. 

If, in any of the previous samples the pieces of ore are over 
i" in size, the whole sample is crushed. 

Before crushing a new lot of ore be sure that the machines 
are perfectly clean and free from the previous lot treated; for unless 
this is done, if that lot of ore was rich, the present sample will 
be worthless. 

Class B. — Having all the ore crushed through a |"-mesh 
screen, spread it in a circle and treat it according to the Cornish 
method, which is here given. 

The ore is first shoveled into a conical heap in the centre of 
the circle of ore, the centre of each shovelful striking the apex 

of the cone and running down 
evenly all round. Spread out 
flat and again draw into a circle, 

— ^ \ a' x"J or else start a fresh pile and 

keep repeating until it is certain 
that the lot of ore is thoroughly mixed. This conical heap, 8' or 
more in diameter and about 3^' high, is next drawn out into 




SAMPLING. 27 

the form of a truncated cone from 6" to 12" deep and divided 
into quarters. 

Quarters a' and a" are saved; quarters xf and xf' go to the ore- 
bins. The quarters saved are mixed as before and shoveled into a 
cone; a shovelful is first taken from a' and then one from a" and 
quartered again. This time quarters xf and xf' are saved. Now 
mix again, first taking a shovelful from xf and then from .v", cone 
and quarter again. If the sample was originally 4000 lbs., it is 
now 500 lbs. This is crushed in rolls to J" size and after being 
thoroughly mixed as before it is coned and quartered down to 
250 lbs. It is crushed again in rolls, the whole 250 lbs. passing 
through an 8-mesh sieve (i.e., a sieve with 8 meshes to the linear 
inch. Wire occupies, say, .0280" X 8, or .224"; therefore meshes 
must be .097" each instead of .125"). It is mixed thoroughly again 
and sampled down to 125 lbs. This is crushed in some machine 
so that it will pass through a 12-mesh sieve. The mixing and 
quartering down must now be repeated until the sample weighs 
about 30 lbs. In all this quartering down one must be very 
careful to have the fine portion of the ore belonging to each 
quarter go with it, and not all left each time upon the floor to go 
with other quarters. Always weigh the ore before passing it 
through any sieve. 

The 30 or more pounds of ore are put through a 30- or 40-mesh 
sieve and quartered and sampled down 
to 2 to 4 lbs. This is best done, be- 
cause it avoids making dust, by using 
a split shovel which is placed in a 
pan and the ore passed over it by 
means of a wide shovel, from aa to hh. 
When the gutters are full the split 
shovel is emptied and this ore kept separate. This is repeated 
until the sample is all passed over the split shovel. 

If what goes between the gutters is saved the first time, 
what fills the gutters is saved the next time, and so on until the 
30 lbs. is reduced to the desired quantity. Or the whole 30 lbs. 
is crushed through a 40-mesh sieve, a sample of 150 to 200 
grammes taken from this, with a broad spatula with high sides. 
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and crushed through a icx)-mesh or finer sieve. If the sample 
is at all damp, it is next dried at ioo° C. 

^ ~ [ ' for f of an hour, weighed, and the whole 

amount crushed upon a grinding-plate or 
bucking-board and passed through a loo-, 120-, or 140-mesh 
sieve. 

Small hand samples and specimens, weighing 600 grammes 
or under, should be crushed and all passed through the fine sieve. 

The bucking-board must be perfectly clean before it is used. 
If any residue or particles of gold or silver are left on this sieve, 
they are weighed, wrapped in C.P. lead-foil, and cupelled. The 
resulting button is weighed and parted for gold. 

If the particles are suspected of being gold alone, the residue is 
wrapped in C.P. lead, a piece of C.P. silver added, and the 
whole cupelled and then parted for gold. 

These weights and the weight of the ore before passing it 
through the sieve being known, the number of ounces per ton 
can be calculated and reported as so much free gold or silver, and 
they can be added to the assay of the ore passing through the 
100-, 1 20-, or 140-mesh sieve. (See Calculation of Pellets.) This 
question of metallic particles applies as well to the other sieves 
used, and the finer the sieve the greater the care to be observed 
in regard to these particles. 

The fine portion of the sample, i.e., the part which has passed 
through the loo-mesh or finer sieve, is put 
upon a sheet of glazed paper, rubber, or oil- 
cloth and thoroughly rolled over and over 
again for 100 times at least. It is then 
spread out thinly and divided into squares 
as in the annexed figure. A portion is taken 
with a spatula from each and every square, representing a sec- 
tion from the top of the ore to the oilcloth {that is, do not take 
the upper surface of the ore alone). 

Fill from one to five eight-ounce bottles. The contents of 
these bottles should be identical and should represent a fair 
average of the original ore, whether it was a carload lot or a sack 
of ore. 
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In all the previous work every precaution should be taken 
against making dust and losing the fine ore. 

The ore is now ready to be assayed, for passing an ore through 
a 100-, 1 20-, or 140- mesh sieve generally makes it sufficiently fine 
for assay purposes. In some special cases it must be pulverized 
even more finely. In weighing out the ore, always empty the entire 
ore out of the bottle or its receptacle and thoroughly mix it by rolling 
it over and over at least 100 times. 

This is particularly necessary if the bottle has stood any length 
of time, for some ores seem to stratify quite readily on standing. 
The coarser the ore and the greater the difference in the specific 
gravity between the heaviest and the lightest particles the more 
likely is this to occur. 

Weigh out the ore just as carefully as you can upon the pulp- 
balances and assay in the usual manner for whatever element you 
are determining. 

Report the results for silver and gold in ounces troy per 
2000 lbs. of ore av. Metals such as lead, copper, tin, etc., are 
reported in percentages. If the ore carries free, i.e., native, gold 
or silver, it may also be reported as follows: 

Gold (free), i.e., on sieve oz. per ton 

Gold in fine ore, through sieve " ** " 

Total " '* " 

At $20.67 P^^ o^- (^' S- standard value) =$ 

Silver is reported in the same way as gold, but the vaiue is 
figured at the market rate, which of course varies from time to 
time. 

It has been said that all machines should be thoroughly 
clean before any sample of ore is passed through them, and the 
following example will show why this is so essential: 

About 6 lbs. of ore carrying free gold and running 550 oz. 
to the ton was crushed in one of the ordinary rotary sample-mills. 
123.6 grammes of fine quartz sand was then run through the 
machine. This sand, previous to passing through, assayed .04 oz. 
in gold; after passing through it ran .78 oz. Two more lots of 
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quartz carrying .03 oz. of gold, and weighing 480 and 555 
grammes respectively, were passed through the machine, and the 
last lot assayed .15 oz. of gold. 

What applies to a machine also applies to the bucking-board, 
which should always be thoroughly cleaned by crushing at least 
two lots of clean sand upon it; and if an unusually rich sample 
has been pulverized upon it, even a more thorough cleaning 
should be given to it. 

Too much care cannot be given to this part of the assay work, 
for I have known many inaccurate assays to result from lack of 
it, and several instances where worthless ore was reported as 
carrying values. 

ORES CARRYING METALLIC PARTICLES. 

Gold and silver ores carrying metallic particles, and others, 
such as the copper ore of Lake Superior, will have, when crushed 
and passed through a sieve, more or less of the metal upon it, 
the amount depending on the coarseness of the particles and the 
size of the mesh of the sieve. 

When these pellets are met with, students always seem to have 
difficulty in calculating their results. If they bear the following 
in mind, this difficulty ought, in great part, to disappear. 

Weigh the original sample. 

Weigh the ore before passing it through a sieve. 

Weigh and determine the amount of metal on each sieve, 
and know from how much ore it has come. 

Weigh, assay, or analyze the fine ore passing through the last 
sieve. 

Calculate the total amount of metal in the entire sample 
of ore. 

From this result and the weight of the original sample calcu- 
late the per cent of metal or the ounces per ton. 

The following will serve as examples, and it should be noticed 
that the amount of the material left upon the sieve or sieves, 
the richness of this material, and the percentage which it is of 
the whole sample has everything to do with the final results. 
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They may be higher or lower than the analysis of the finest ore 
passing through the final sieve. 

Example I. A sample of lead dross weighs 100 grammes and 
is crushed through a 20-mesh sieve. 

Lead pellets on sieve weigh 40 grammes. 

Material through the sieve weighs 59 grammes (assays 10% Pb). 

Loss in grinding, i gramme. 

The total lead =40 grammes on the sieve. 

Lead in fine material, supposing the gramme lost to assay 
the same as the 59 granmies passing through the sieve = 6 grammes. 
Total =46 grammes. 

— =46% of lead in the dross. 
100 

Example II. A sample of ore, carrying metallic copper, 
weighs 94 grammes and is crushed through a 1 20-mesh sieve. 

Residue on the sieve weighs 10 grammes and yields on analysis 
9.32 grammes of copper. The fine ore (84 grammes) through 
the sieve analyzes 20.38% copper. 

84X20.38% contain 17.12 grammes copper 
Pellets contain 9.32 " " 



Total = 26.44 

26.44 •W .1 

= 28.13% copper m the ore. 

Example III. Sample of concentrates, carrying free gold, 
weighs 35 grammes and is crushed through a 1 20-mesh sieve. 
The residue on the sieve weighs 2 grammes and consists of pieces 
of iron and free gold. On cupellation and parting, it yields 
.00015 grammes of gold. 

The fine ore through the 1 20-mesh sieve (33 grammes) assays 
4.09 oz. per ton. 

A /p One through Gold in 

^^ ^' 120 Sieve. i A. T. 

29.16 : 33 -' .00409 : :x: = . 00463 
Gold found in residue on the sieve = .00015 



Total gold in sample = .00478 
35 : 29.16 : : .00478 : :v=. 00398. 
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Concentrates assay 3.98 oz. gold per ton of 2000 lbs. This 
makes the final result lower than that of the fine material passing 
through the sieve, and is due to the large amoimt of material left 
on the sieve and its being poorer in gold than the remainder of 
the concentrates. It also shows that it would be incorrect to 
find the ounces of gold in the two grammes of residue and add 
this result to the ounces (4.09 oz.) found in the fine material. 

Example IV. A sample of ore, carrying free gold, weighs 57 
grammes and is crushed through a 120- mesh sieve. The residue 
on the sieve consists of pieces of mica and free gold and weighs 10 
grammes. On scorifpng, cupelling, and parting it pelds .0630 
granmies of gold. The fine .ore through the sieve assays 2.62 oz. 
per ton. 

29.16 : 47 : : .00262 : .t: = . 00422 
Gold on sieve = .0630 



Total gold in ore = .067 2 2 granunes. 
* .•. 57 : 29.16 : : .06722 : :r = . 03438. 

Ore assays 34.38 oz. gold per ton of 2000 lbs. In this 
case the material left upon the sieve is very much richer than 
the fine material passing through the sieve, hence the final result 
is higher than the assay of the fine material. In this example it 
can be readily seen how absurd it would be to find the ounces 
which the residue on the sieve assays and then add the result to the 
assay of the fine ore passing through the sieve. 

The examples given are not made up, but are some which 
have been met with in actual work. In all of them the material 
which is lost in grinding and sampling is assumed to assay the 
same as the fine material passing through the last sieve. We 
really know nothing about this lost ore, whether it is richer or 
poorer than the ore that is assayed. It may be richer, it may be 
poorer, but it has got to be taken account of, and I think it fair 
to consider the ore lost to assay the same as the fine ore. 

Where pellets are left on a sieve with other matter it is always 
better to treat the whole material. For instance, if free gold and 
metallic iron are in the residue, it is not always safe to remove the 
iron with a magnet, for some of the gold may have been pressed 
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hard on to the iron, and when the iron is removed the gold goes 
with it. 



CONCENTRATION BY PANNING OR VANNING. 

This is to determine the percentage of concentrates in an ore 
or to separate any material of value from that which has no 
value, i.e., waste or taiUngs. 

Take the ore you sampled (through 30- or 40-mesh sieve), or 
else take 20 grammes of pyrite (sp. gr. 4.95 to 5.10) and 150 
grammes of quartz (sp. gr. 2.65), and recover the concentrates 
from the ore or the pyrite from the quartz. 

First, record in your note-hook all the data upon the bottles, bags, 
or samples given you. 

Second, order from the supply-room two gold-pans and one 
six-inch evaporating-dish. 

If the ore you sampled is rich in sulphides, weigh out 100 
grammes of it on the flux-balance; if poor, 200 grammes. If you 
are working upon the pyrite and quartz, weigh the pyrite on the 
pulp-balance and the quartz on the flux-balance. Put the ore 
into one gold-pan (or the pyrite with the quartz over it), moisten 
very thoroughly to make any float material sink, fill the pan two 
thirds full of water, allow to stand ten or fifteen minutes, and then 
pan the material from this pan into the other. Concentrates are 
saved in the evaporating-dish. Pan the ore over again, and repeat 
imtil you can obtain no more concentrates or pyrite. Do not 
throw away any water or waste ore. Allow the concentrates in 
the 6" evaporator to settle for some time and then decant the HjO 
ofiF carefully. Dry carefully and as quickly as possible, but do 
not make so hot that the concentrates will begin to roast, and 
weigh on the pulp-balance. Allow tailings or waste to stand 
some time, decant off HjO, transfer to an agate pan or bowl, dry 
and weigh on flux-balance. The gold-pans must not be heated or 
the material left in them, for they rust and are ruined. Clean 
them, dry them, and return to the supply-room at the end of the 
exercise. 
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Make your report as iFollows: 

No. of ore 1360. Amount. taken =100 grammes. 

Concentrates (FeSj, PbS, and ZnS) 10 grammes, 10% 

Tailings 86 '' 86% 

Slimes or ore lost in process 4 *' 4% 

100 '* 100% 



CHAPTER III. 
ASSAY OF ORES FOR SILVER. 

Silver fuses at 961.5° C. or, according to Berthelot, at 962° C. 
(1898). Atomic weight = 107.9. Sp. gr.= 10.5. 

Ores containing silver may be assayed by fire in either of two 
ways: 

First. By the scorification method. 

Second. By the crucible method. 

In either case the object is: 

I St. To add some flux or fluxes to the ore to combine with 
the gangue and impurities, leaving a slag free from precious 
metals. 

2d. To mix some granulated lead or litharge with the ore, by 
means of which the silver, together with the gold, is collected and 
alloyed with the lead. 

3d. To separate the lead from the silver and gold by means of 
cupellation. 

The silver in the ores may be native or may occur as real 
silver ores, i.e., ores with a definite composition, as cerargyrite 
(AgCl) 75.26% silver,' argentite (AgjS) 87.1% silver, etc., but 
in the majority of ores it is derived from argentiferous minerals, 
such as galenite, blende, pyrite, cerussite, etc., occurring in some 
gangue as quartz, limestone, porphyry, slate, granite, etc. 

SCORIFICATION METHOD. 

(The Greek word CKopia means slag, i.e., this is a slag- 
making process.) This is the more simple of the two methods, 
and as it is an oxidizing process, it is especially adapted to ores 
containing antimony, arsenic, copper, and zinc. These impuri- 

37 
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ties are oxidized directly by the air, or by the litharge formed in 
the process, and volatilize as oxides, or else pass into the slag 
or waste material. 

In the crucible process Sb, As, Cu, and Zn, which we wish 
to eliminate, are liable to be reduced and to pass into the lead 
button, and have to be subsequently removed. 

The process is carried out as follows: Take the sample (if it 
is in a bottle or receptacle, empty the whole of it out) and roll it on 
oilcloth or glazed paper lOO times. This is especially necessary 
where a sample has just been ground or has stood; by standing, 
samples are apt to layer or stratify, and the longer an ore has 
stood and the greater the difference in the specific gravity of the 
constituents of the sample, the more thorough this mixing should 
be. If two substances of different specific gravity and color, 
like soda and litharge, are put on a paper, it will take a very 
thorough mixing before the whole mass becomes perfectly homo- 
geneous. 

Weigh out very carefully two portions* of ore, of -^^ A. T. 
each, on the pulp-balances. The ore should be fine enough to 
pass through a loo-mesh sieve at least, i.e., loo meshes to the 
linear inch. Place the weighed amounts of ore in two scorifiers 
(2^" and 2j" in diameter respectively), carefully brushing out 
the scale-pan each time. On the flux-balances weigh carefully 
35 grammes of granulated lead and mix approximately one half 
of this with the ore in the 2\" scorifier, and place the other half on 
top. Then weigh 45 grammes of lead and treat the other por- 
tion of the ore with it in the same way. Place a pinch of borax 
glass (about i gramme) on the top of the contents of each scori- 
fier. The scorifiers are now ready for the muffle, which has been 
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Scorifier-tongs. 

previously heated and which should now be very hot. By means 
of the scorifier-tongs place them in the muffle and close the door. 
Fusion Period, — The door of the muffle should he kept closed 
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same time, to allow the contents of scorifiers to become thoroughly 
fused. Oftentimes the scorifiers spit owing to the air being 
admitted too soon, which occasions too violent oxidation. 

Roasting Period. — Open door of muffle and admit full supply 
of air. The ore and lead have now either become perfectly 
liquid or else small patches of ore are seen on the lead bath. 

In either case a full supply of air is necessary to roast and 
oxidize the impurities in the ore and also to oxidize the lead to 
litharge (PbO). This and the air are our decomposing agents; 
by means of them volatile substances like As and Sb are oxi- 
dized to AS2O3 and SbjOg, and either volatilize as such or else pass 
into the slag. 

Scorificaiion Period. — Metals like copper and zinc partly slag 
ofiF and partly go into the lead button. Any sulphur in com- 
bination with these and other metals is oxidized to SO2 and 
volatilizes. 

The vapor arising from the assays will often indicate the 
character of the ore. Sulphur gives clear gray vapor; arsenic, 
grayish white; and antimony, reddish. Zinc vapor is blackish 
and the zinc bums with a bright white flame. 

// the contents oj the scorifiers do not become thoroughly liquid 
and do not show a good clear lead surface, the assay needs either 
more heat, more borax glass, or m^re lead. 

If the assay is in a satisfactory condition during the roasting 
and scorification periods the litharge formed partly combines 
with the gangue of the ore and partly with the material of the 
scorifier itself. . The slag thus formed goes to the circumference 
of the scorifier, leaving a lead surface or eye exposed. (If the 
muflBe is too cold, the litharge formed will make a film over the 
eye of lead and the scorification stops.) 

The slag gradually increases, the lead eye grows smaller and 
smaller, and finally the slag closes over and completely covers the 
lead. 

The scorification period is now ended. The ore ought to be 
completely decomposed and the slag quite free from or very low 
in silver, and the remainder of the silver and gold in the ore should 
be alloyed with the lead. 
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Liquefaction Period. — Close the door of the muffle and increase 

the heat for a few minutes to make the contents of the scorifiers 

thoroughly hquid and to insure a clean pour. 

Pour the contents into a mould which has been 

coated with chalk, iron oxide, or oil, previously 

warmed and dried. The inside surface of the 

scorifiers should be clean and show no lumps 

of ore or undecomposed material. 

When cold, break the lead from the slag, which should be 

perfectly free from any small lead buttons; these are most likely 

to be on the circumference of the slag. Hammer the lead into 

the form of a cube and weigh on the flux-balance. If this lead is 

soft and malleable, it is ready for cupeUation; if iit is hard or 

brittle, it may contain impurities which must be removed by 

rescorifying with an additional amount of granulated lead. (See 

Rescorifying Buttons.) 

Brittle buttons may be due to Cu, As, Sb, Zn, S, PbO, or a rich 
alloy of Pb and Ag or Pb and Au, Hard buttons may be due to 
Cu, Sb, or a rich alloy. 

The essentials, in this scorification process, are: 

Heat. 

Granulated Lead. 

Air. 
The accessories are: 

Borax glass and silica. 
The variables are: 

Borax glass. 

Silica. 

Granulated Lead. 

Temperature. 

Size, depth, and diameter of scorifier. 

The following are some of the reactions which probably take 
place in assaying, for example, an ore consisting of PbS+AgjS 
+ FeS2 and SbjSg in a silicious (SiOg) gangue. 

When contents of scorifier are liquid and air is admitted we 
have 
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Pb+0 =PbO; 

PbS+2PbO = 3Pb+S02; 
Ag2S+2PbO = 2PbAg (aUoy) + S02; 

FeS2+sPbO = 5Pb+FeO+2S02; 
Sb2S3+ 9PbO = 9Pb+ Sb203+ 3SO2; 
Sb^Sg+QO =Sb203+3S02; 
Sb2S3+ 6PbO = Sb2Pbe+ 3SO2; 

Si02+2PbO = 2PbO,Si02 or one of the lead silicates. 

Thus we shall have: 

Lead acting as a collector of the precious metals, contami- 
nated with a little antimony. 
SbjOg and SO2 as volatile substances. 
Lead silicate, FeO and Sb203, as slag-forming material. 

If CugS were present in an ore, we should probably have the 
following reactions: 

2CU2S+ 7PbO = 2CuO+ 2SO2+ 7Pb+ CU2O. 

Part of the CugO would go into the slag and part of it would 
be reduced, and this copper would pass into the lead button: 

2CU2O + CU2S = 6Cu+ SO2. 

We might also have 

2CuO+Cu2S = 4Cu+S02. 

This copper would make the lead button brittle and necessi- 
tate one or more extra scorifications. 

If ZnS were present, we probably should have the following: 

ZnS+ 3PbO = ZnO+ 3Pb+ SO2; 
ZnS+30 = ZnO+S02. 

Some of the ZnO will volatilize and some will go into the slag or 
form part of it. A little will no doubt be reduced and pass into 
the lead button: 

2ZnO + ZnS = 3Zn+ SO2. 

In order to avoid a heavy loss of silver and gold in the slag no 
oxysulphides should be present there. 

Some ores require no addition of borax glass, others require 
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a large amount. A little in every assay does no harm, hU too 
large an amount may cover over the lead before the ore is decomposed, 
thus spoiling the assay. 

Borax acts as an acid and is especially useful in dissolving 
and combining with the oxides formed during scorification. 

The eflFect may be shown in assaying some antimonial silver 
ore. (Mitchell's Assaying.) 



Ore ^ A.T. Lead 24 grammes: 


slag carried considerable 




silver. 


(< a u 11 ^. u 


slag still carried silver. 


a a ti a ^. « 


and 3 grammes of borax 




glass: slag was free from 




silver. 



Ores containing much lime, zinc, and arsenic also require a 
large amount. 

Heavily sulphuretted ores, concentrates, or ores deficient in 
gangue require the addition of silica to take the place of the gangue. 
If the gangue in ores is 50% to 90% and -^ A.T. of concentrates 
is used, then it will be necessar}' to add from i to ij grammes of 
SiOj. If the inner surface of the scorifier is rough and much 
corroded, this is a sure indication that the ore is deficient in gangue 
and that silica is needed. 

As a general thing, the ordinary run of ores requires only 
from 35 to 45 grammes of granulated lead to -^ A.T. of ore and 
will be decomposed by that amount of lead with the addition of 
some borax glass. The following ores, however, require a much 
larger amount: 

Ore, 

Antimonial ores ^ A.T. 

Arsenical " 

Cobalt and nickel ores 

Copper ores 

Copper matte 

Pyrite (FeSj) 

Lead matte 

Lead speiss 

Stanniferous ores 

Zinc ores r 

Manganiferous ores 



Lead required. 
Grammes. 



Heat. Borax Glass. Fine SiO. 
Grammes. Grammes. 



50-60 
60 

65 
60-70 
70-90 
45-50 

SO 

60 
60-70 

60 

50 



High 



3 to 7 



Very low i to ij 



Medium 
Low 

CI 

High 
it 

Medium 



2 to 3 
I to 2 

1 to 2 

2 to 3 
3to5 
2 to 3 



y4SSj4Y Of ORES FOR SILVER. 43 

Many of the above, especially the copper and nickel ores, will 
require two or more scorij&cations before the lead button is fit to 
cupel. 

According to Karsten, it takes lo^ parts of lead to carry off 
I part of copper completely. That is, 1.0500 grammes of lead 
would be required to completely remove .1000 grammes of copper. 

In assaying any ore it is better for the student to use differ- 
ent amounts of lead. For instance, if he takes three portions of 
the same ore, he can use 40, 45, and 50 grammes of lead to each 
^ A.T. portion of the ore. If his results check, after making 
his corrections for the silver in the lead used, so much the better. 
If the highest lead gives the highest result or if the silver obtained 
increases with the lead used, it will be advisable to try two other 
portions with still higher lead, for the ore evidently requires it. 

Always weigh the lead carefully, as it generally contains silver, 
and a correction has to be made for it later on when the results 
are calculated. 

The weight of the button after scorification depends upon how 
much gangue the ore contained, the amount of lead, borax, and 
SiOj used, the diameter and the depth of the scorifier, and lastly 
its position in the mufHe. ~ A.T. of one ore and 45 grammes of 
lead in a 3" scorifier gave a resulting lead button weighing 3.5 
grammes when the scorifier was in the front part of the muffle and 
5.8 grammes when in the back part. 

The same ore and amount of lead scorified at the same time 
in a scorifier 2 J" diam. and ij" deep gave a button weighing 
18.5 grammes in the front of the muffle and 20 grammes in the 
back. 

From this it is evident that a 3" scorifier is too broad where 
only 45 grammes of lead are used, for it is not always- S3iie to have 
the resulting lead button weigh less than 10 or 12 grammes. It 
is also evident that it is possible to scorify the lead almost com- 
pletely away. 

Always notice the color of the scorifiers after pouring, for the 
silicates and oxides of the different metals give very character- 
istic colors and hints as to the method of conducting the crucible 
assay, if the ore can be assayed in that way. 
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Copper colors the scorifier dark green to light green. If 
much iron is in the ore, or if it is a matte, this color will be partly 
obscured by the black of the iron oxide in the first scorification. 
The scorifier will not necessarily be green if the ore carries only 
9 to 12 per cent of copper and iV A.T. is used. 

Iron colors the scorifier black to dark brown. Peroxide of 
iron is yellow or orange. 

Cobalt makes the scorifier blue and gives a blue slag. 

Nickel " " '' black. 

Lead " " ** lemon-yellow to very light yellow. 

Manganese colors the scorifier brownish black to pink. 

Arsenic and Antimony, if present in large amount, will leave 
crusts on the inner surface of scorifier on a line where the slag 
came even if much borax glass is used. 

// a scorifier is colored very dark green, it indicates directly to 
the student that the lead button must contain coppzr, and that the 
button must be rescorified in a new scorifier with or without an 
addition of lead in order to slag and remove this impurity (copper), 

Rescorifying Buttons. — Buttons weighing over 30 grammes 
had better be scorified, whether they contain impurities or not, as 
they are rather large to cupel. Place the scorifier in the muffle, 
heat to scorifying temperature {to prevent possible spitting), and 
then drop in lead button; after it has been driving a short time 
add a little fine SiOjin order to save the scorifier. Pb4-0 = PbO 
and 2PbO + Si02 = 2PbO,Si02. The slag will consist of silicate 
and oxide of lead, oxides of the impurities in the lead, and oxides 
that have come from the scorifier. When impurities like copper 
are present sufficient granulated lead is added to bring the total 
weight of lead in scorifier up to 60 grammes. The copper is 
oxidized and slagged by the PbO and SiOz, and a low tempera- 
ture is most suitable for it. Sometimes a button requires three 
or more scorifications before it is sufficiently soft or pure to cupel. ' 
If cupelled before this, the button would freeze and the assay be 
worthless owing to the copper. 

Keep account of all the granulated lead used in case there is a 
correction to be made for its silver contents. 

A large lead button, containing no impurity, which has been 
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scorified to diminish it in size is often brittle. This is due to 
PbO in the lead formed during second scorification. 

Bismuth is the only metal that could be used to take the place 
of lead in the scorification process. It has many of the charac- 
teristics of lead, but is much more expensive. In cupellation the 
silver losses seem higher than when lead is used, which is due to 
absorption. On this account the cupels should be made of very 
fine bone-ash and be very hard. The blick does not seem quite 
as distinct as when lead is used, and the silver beads are often 
irregular, instead of being round and smooth. The color of the 
cupel is bright orange-yellow to red.* 

Spitting of Ores during Scorification. — This often takes place, 
but only during the first five or ten minutes after the scorifiers 
have been placed in the muflSe. 

According to my observation, it may be due to the following 
causes: 

1. Dampness of the scorifiers. 

2. Imperfect mixing of the charge. 

3. Admittance of air into the muffle too soon. 

4. Insufficient heat when scorifiers are placed in the muffle. 

5. Too deep a scorifier in proportion to the charge. 

6. Character of the ore itself. 

Sometimes when a lead button is rescorified, either to dimin- 
ish it in size or to remove impurities, it will spit. If the scorifier 
was heated before the lead was put into it, the spitting would not 
take place, which seems to indicate that something was wrong 
with the scorifier itself. 

Imperfect mixing of the charge, which is a cause of spitting 
at times, seems also to be one of the causes of spitting in cases 
3, 4, and 5. 

If ore is left at the bottom of a scorifier, it does not fuse or get 
pasty until after the lead has melted above it. As this ore becomes 
hotter it swells and gives off CO2 or other gases, and as it swells 
and the gas escapes it throws up particles of lead, which may or 
may not fall back into the scorifier. 

* Bismuth in cupellation, by Chaudet. Ann. Chim. et de Phys. (3), vol. 15, 
P- 55- 
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Admitting air into the muflBe too soon will certainly cause 
spitting in many cases, especially in the case of material carrying 
much zinc, such as the precipitates from the zinc boxes in the 
cyanide process for treating gold ores. 

Some ores will not spit imder any circumstances, but if an ore 
tends to be rather infusible, giving oflF much gas while the heat is 
not high enough at first, the lead will melt first while the ore is 
still past>' either beneath or all through the charge. In such 
cases scorifiers will often spit and soon afterwards a succession 
of small pieces of ore will rise to the surface and be oxidized by 
the air, litharge, or both, passing oflF to the side and disappearing 
in the slag already formed. 

A deep scorifier is more liable to cause trouble than a shallow 
one, because the lead may completely cover the ore, while in a 
shallow one the ore will be semi-fused in the centre and surrounded 
by liquid lead. 

As to cause 6, ores such as AgCl, AgBr, and residues or pre- 
cipitates like those just mentioned as coming from the zinc boxes, 
seem most liable to spit in the scorifier, but the amount of spitting 
can certainly be diminished by observing every precaution pos- 
sible, especially by using broad and shallow scorifiers and keeping 
muffle closed until the whole contents of the scorifier are thoroughly 
and completely fused and liquid. 

ASSAY OF ZINC RESIDUES FROM THE CYANIDE PROCESS. 
See Assay of Ores for Gold, page 145. 

ASSAY OF COPPER MATTE OR COPPER FOR SILVER. 

This can be made in one of three ways: 

1. By the ordinary scorification method. 

2. By special scorification method. 

3. By the combination wet and dry method. 

Method I. Take three portions of ^ A.T. of matte or of 
copper, place in a 3" or 3J" scorifier, mix with 35 grammes of 
granulated lead and place 35 grammes on top. Add f to i gramme 
of very fine silica and i to ij grammes of borax glass. Scorify 
at as low a temperature as will not freeze or chill the assay. 
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When the lead eye covers, pour as usual and separate the 
lead from the slag. Weigh each button; add sufficient granulated 
lead to bring the total weight to 60 or 75 grammes and drop into 
three new scorifiers which are in the muffle and heated to a scorify- 
ing temperature. Add about i gramme of fine silica and \ gramme 
of borax glass to each, and scorify again at a low temperature. 

Repeat this second scorification until the color of the scorifier 
on the inner surface is light green on cooling. Cupel as usual. 
The color of the cupel should be greenish yellow and not black. 
The latter color indicates insufficient scorification. 

Method II. Into 3'' or 3^" scorifiers weigh out three portions 
of ^ A.T. each. Mix with 35 to 50 grammes of granulated 
lead and spread 35 to 50 grammes on top. Add J to i gramme 
of \try fine silica and i to ij grammes of borax glass. Scorify 
at as low a temperature as possible that will not freeze or chill 
the assay. Allow the lead to slag over completely, remove the 
scorifiers from the muffle and pour off all the slag possible without 
pouring off any lead. Return to muffle and scorify until the 
lead button is judged to weigh between 8 and 12 grammes. Re- 
move the scorifier and pour contents, even if the lead has not 
slagged over. After a few trials the student will be able to judge 
the proper time to pour and have the buttons neither too large 
nor too small. The scorifiers will be black or dark green; if 
much iron is present, the brown color will obscure the green. 
Separate buttons from the slag, and see that no lead is in the first 
slag poured off. 

Weigh each button, add sufficient granulated lead to each to 
bring the total weight to 75 or 90 grammes, and transfer to three 
new scorifiers which are in the muffle and heated to a scorifying 
temperature. Add i to ij grammes of fine SiOz and \ gramme 
of borax glass, and scorify as before. 

If, after this second scorification, the scorifiers are very light 
green, the buttons can be cupelled. If they are dark green, make 
a third scorification as before. If the material being assayed is 
of fair grade, the buttons can be cupelled separately, but if of 
low grade, all three buttons should be put in one cupel and three 
more assays should be started, if a check on the work is desired. 
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Weigh the buttons, part for gold, and deduct the amount found 
from the original weight of the button or buttons. 

Experiments carried out by Mr. H. T. Graber, class of 1903, 
upon a copper matte show the following interesting data in 
regard to the removal of the copper and the influence thereon of 
borax glass, sihca, ordinary glass, and borax glass and silica 
together. 
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The matte carried 54.3% copper, 
25 oz. gold, 
45 oz. silver. 
The work was done in a muffle fired with gas, and shallow 
3" scorifiers were used in all assays. 

In looking over this table it is evident that from 60% to 70% 
of the copper present is removed during the first scorification 
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I Total lead was 33 grammes at the beginning of third scorification. 

II To make the total 35 grammes. 
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and from 50% to 60% of the remainder during the second 
scorification. 

Silica evidently efTects the slagging of the copper faster than 
borax glass, but a little of each in the first scorification seems to 
be most satisfactory; after that silica alone will do, although 
a little borax glass in addition does no harm. The ratio of the 
lead to the copper has a great influence on the amount of copper 
slagged, and the greater the ratio the more copper seems to slag. 
For this reason it seems advisable to use 70 or more grammes 
at first, and when four buttons from the first scorification are 
combined, to make the total lead up to 75 or 100 granunes rather 
than sixty. 

Metallic Copper, Copper Bars, etc. — ^Assay as in the case of 
mattes. Method II. -^ A.T. may be used, but it is generally 
better to take -^ A.T., unless the material carries very little 
silver. 

The following is an example of Method II. 



Copper Drillings. 
Scorifiers 3^". 

tVA.T. a A.T. A A.T. t\jA.T. 

Borax glass. . i gramme i gramme i gramme i gramme 

Gran. lead... 70 grammes 70 grammes 100 grammes 100 grammes 

SiO^ I gramme i gramme i gramme i gramme 

Scorified and poured slag o ff once. Scorified and poured slag off twice. 

Placed again in muffle, scorified 

and poured. 

Lead button.. 6 6 grammes 12 8 grammes 

Lead added 68 70 grammes 

Total lead .... 80 grammes 90 grammes. 

Scorified as before with borax glass Scorified as before with borax glass 

and Si02. and SiOa and poured slag off twice. 

Lead button 12 9 grammes. 

Lead added 58 grammes Cupelled with feather litharge crys- 

— tals. 

Tota ••••••• 70 grammes Ag+Au = 0.4454 grammes. 

Sconfied as before. 

= 222.7 oz. 

Lead button . 13 grammes. ^^j^ ^^^^^ ^^ ^^,y ^^^ ^^^^ 

Cupelled with feather litharge crystals. ^^^^.^^^^ ^^^^^^ ^ jj^,,^ ^^^^ ^ 

Ag+ Au- .04430 grammes ^^j^ ,j^^^ theothei. 

= 221J oz. 
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In the scorification of copper ores or any cupriferous material 
I advise the continuation of the process until the scorifier is 
light green, for this color indicates that there is only a small 
amount of copper left in the lead and the cupels will be but 
slightly colored with the black oxide of copper. I know, however, 
that lead buttons full of copper are often cupelled, and if the 
silver bead blicks, the assay is considered all right. This of 
<:ourse may save one scorification, but the cupel, full of black 
oxide of copper, is Uable to carry much silver. 

Some assayers claim that, in assaying mattes and copper 
ores, the temperature should be extremely high when the scorifier 
is first placed in the mufl[le, and then dropped to a very low tem- 
perature, as soon as the lead commences to " drive " and kept so 
during scorification. 

Silver in matte, copper and copper bars is paid for on the 
basis of 95% of silver contents, and the price is that quoted on 
the day after the agreement of the assays. 

Combination Wet and Dry Methods. — There are several 
of these methods, and they generally give higher results for silver 
than the all- scorification method. This no doubt partly accounts 
for the lack of uniformity of results by different assayers, and it 
seems only right, if umpire work is being done and assayers 
are checking each other, that the method used should be the 
same for one and all. 

The following method is one given by W. R. Van Liew in 
Eng. and Mining Jour., April 21, 1900: 

*'Take two or three portions of i A.T. each, place in beakers, 
add 200 c.c. of cold water and 100 c.c. of HNO3 (sp. gr. 1.42). 
After a short period of action the beakers are placed on a steam- 
plate, and by the time the temperature has reached its maxi- 
mum (80° C.) the copper is mostly dissolved. At the end of 
one hour complete solution has resulted, and at the end of 2^ 
hours the beakers are removed, cooled, and 2 to 3 c.c. of normal 
salt solution, exceeding that amount necessary to precipitate all 
the silver present, are added, and the next morning the precipi- 
tate of AgCl is filtered into a double No. o 15-cm. Munktell's 
Swedish filter-paper. Be sure and wash all the AgCl to the 
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extreme point of the filters. The wet papers are then placed 
in 2j-inch scorifiers containing, approximately, 6 grammes of test 
lead in their bottoms and burned to complete ash in a muffle 
not yet at incipient redness. The carbon burnt oflf, they are 
removed, when more test lead, litharge, and borax are added 
and the scorifiers replaced in the mufile. They are scorified 
at a low heat for approximately 20 minutes or until the lead but- 
tons weigh some 4 grammes. These resulting lead buttons are 
then cupelled at a temperature giving heavy litharge crystals. 
The time of operation is 24 hours." * 

If gold is present in the copper bars or drillings, the method 
is conducted as per page 163, the resulting silver and gold bead 
is weighed, parted, and the amount of gold allowed for. 



CUPELLATION. 

The lead button from any scorification, which should be 
soft, malleable, and in the form of a cube with truncated edges 
and comers, weighing not over 30 grammes, is now ready for 
cupelling. This lead button should contain all the gold and 
silver in the ore, and our next step is to oxidize this lead to 
litharge, which is absorbed by the cupel, leaving the gold and 
silver, as a small bead, on the cupel. // is safe to warm the 
cupels on top of the furnace and later on gradually push them 
into the muffle, heated to the full temperature. This gradual 
heating may prevent cracking. When heated red ail through 
the lead buttons are carefully dropped into them, while they are 
in the furnace, the front cupels being charged first. If the cupels 



* References to assay of copper-material: 

A.I.M.E., vol. 24, p. 575. A. R. Ledoux. 

*' 25, p. 250, 1000. " " 
" " 3o» P- 529. L- D. Godshall. 

" " 30, p. 1121. 

Eng. & Min. Jour., vol. 65, p. 223. 
" " " " *' 69, p. 469. W. R. Van Liew. 

" " " " 74, p. 650. T. B. Swift. 

Jour of Analyt. Chem., vol. 6, p. 262. Prof. Whitehead. 
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.^re thoroughly dry or warm, they can be placed directly in the 
hot muffle. 

Be sure that the cupel weighs more than the lead button and 
that the howl will contain the lead and not overflow. 

The door of the muffle is now closed and the buttons fused 
AS quickly as possible. When this is accomplished and the 
PbO begins to form, i.e., when the buttons have cleared or begin 
to "drive," the door of the muffle is opened and the temperature 
lowered. Make note of the time. The heat should be kept 
much lower than in scorification. // it is exactly right (625° 
to 775° C), crystals of PbO will be seen jorming all around the 
inner surja^e 0} the cupel or on the front or cooler side, just above 
the button. 

If the heat is too high, no crystals of litharge will form, the 
whole cupel looks very hot, and the color of the htharge, absorbed 
by the cupels, is very indistinct. 

Above 775° C. silver will volatilize rapidly. (At 925° the 
loss is 3% to 4%, and at 1000° C. over 4%.) If the heat is too 
low, the cupels appear dark and cold; a film of litharge begins 
to form over the button of lead; it ceases "to drive"; then 
"freezes," and the assay is rendered worthless. 

The lead button is now gradually oxidized by the air, most 
of the htharge, i.e., 90% to 95%, being absorbed as such by 
the cupel; the remainder going off as oxide (PbO), which is 
later on changed to carbonate of lead by the excess of air. 
As the button grows smaller it will be noticed that it becomes 
more round and that the beads or drops of litharge, which are 
continually thrown from the centre of the button towards the 
circumference become larger and appear like drops of oil upon 
water. This indicates that the button is near "bhcking" or 
"brightening," and the heat should be slightly raised or the cupel 
pushed back into the hotter part 0} the furnace. As the last of 
the litharge goes off the button, one will notice a brilliant play of 
colors and the button seems to be agitated and revolving upon an 
axis. As the last of the colors disappear, the button becomes dull 
and after a second or so looks bright and silvery. Again make 
note of the time and see how much lead has oxidized per minute 
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during cupellation. This last part of the cupelling process is 
called the "brightening" or "bhcking." 

The cupel should be immediately drawn out from the muffle 
far enough to have the button solidify. When the button solidi- 
fies it will again flash or glow. Good buttons should separate 
easily from the cupel, have a silvery lustre or surface, be round 
if small and hemispherical if large, dullish white upon the bot- 
tom, and have no rootlets. Large buttons should he withdrawn 
very slowly or else covered over with a hot cupel; otherwise they 
will ^^ sprout ^^ or ^^ vegetate. ^^ 

Silver buttons containing much gold seldom, if ever, sprout. 

Sprouting is said to be due to the button suddenly giving 
off the oxygen which it has absorbed during the cupelling pro- 
cess. 

Sprouted buttons as well as those which have frozen should be 
rejected, as they generally give low results even if brought again 
to "driving " by the addition of fresh lead or charcoal. A cupel, 
provided the bowl is large enough, will absorb about its own weight 
of litharge,, and the different oxides absorbed color it as follows: 

Lead colors it yellow; copper, black to greenish black; 
iron, black and leaves a black scoria on the sides. Zinc causes 
boiling and will, if present in large amount, crack the cupeL 
Antimony cracks the cupel to pieces if present in large amount; 
if present only in small amount, it will simply cause a roughening 
of the edges of the cupel. Rings of light-colored scoria may be 
due to the oxides of arsenic, antimony, zinc, or tin. 

Nickel, if present above \%, will leave a blackish-green scum 
of nickel protoxide. The button will "drive" at first, but will 
finally leave the scum all over the cupel. The lead goes into 
the cupel as PbO as usual. Under \% of nickel the lead button 
will cupel, but a green coating is generally left upon the cupeL 

The heat in cupelling should always be lower than in scorifying^ 
but should, especially in the case of large beads or of gold buttons, 
be raised at the period of ^^ blicking,^^ in order to keep the silver 
or gold melted and also to remove the last traces of lead and litharge 
from the button. 

When the bead is perfectly cold it is seized by the button- 
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pincers, detached from the cupel, to which it should adhere only 
slightly, and brushed with a stiff brush. If this ^^^^ 

does not clean it thoroughly, it should be placed ^^^^^ 
upon its side on a small anvil, hammered, and 
then brushed again. The button^ which must be perjectly coldy 
is now ready to be weighed. 

The balance upon which this is done should be sensitive 
to Vioo of 21 milligramme. Such balances should be handled with 
the utmost care and should be in perfect adjustment before any 
weighing is attempted. All buttons should be weighed to the 
fifth place of decimals (thus: .05063 grammes), and should be 
reported in ounces and fractions thereof (thus: 60.3 oz.). 

EXAMPLE. 

No. I. No. a. 

Weight of ore taken -^ A.T. •= 2 .9166 grammes -j^ A.T. 

Lead used 35 " 45 grammes 

Weight of Ag-|-Au. obtained 00632 " .00640 " 

Silver contained in the Pb used 00029 " -00037 " 

Weight of Ag-f- Au in ore 00603 *' .00603 '* 

Ounces per ton 60 . 3 60 . 3 

Value at market rate, say 50c. = $30^*7100 pcr ton of 2000 lbs. 

*' Control " or '* check " assays are generally done in triplicate- 
If two results agree, the third is discarded; if all three disagree, the 
ore is again assayed. " Umpire " work often necessitates six assays. 

The chief loss in the silver assay occurs during cupellation. 

The lead buttons should really be free from impurities of all 
kinds, but in reality they generally contain some. For example, 
suppose we take the lead buttons from the ores previously scorified 
(see page 41); some of the reactions which probably take place 
in cupelling are as follows: 

The button is lead carrying Au, Ag, and a very little Sb, Zn, 
and Cu as impurities. We admit air into the muffle when 
we are cupelling this button, and we have Pb+0 = PbO, which 
is partly absorbed by the cupel and partly volatilized; as this 
PbO comes in contact with the air, it is converted into lead 
carbonate and coats the furnace white outside the muffle. 

The SbgOg is partly volatilized and partly carried into the 
cupel along with the PbO : 
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2Sb+ 3O = SbA ; 2Sb+ sPbO = Sb203+ aPb. 
The ZnO is partly carried into the cupel and partly volatilized: 

Zn + 0=ZnO; Zn+PbO=ZnO+Pb. 

If much zinc is present, it will burn and oxidize, giving off a 
very brilliant greenish-white flame. 

The CuO is absorbed by the cupel and colors it black: 

Cu+0 = CuO; Cu+PbO = CuO+Pb. 

The Ag and Au are not oxidized, but are left on the cupel with 
the exception of a very small amount, which is partly carried into 
the cupel by the PbO and partly volatihzed with the PbO. These 
losses are dependent largely upon the heat used, the texture of 
the cupel itself, and the size of the lead button. 

The following will give some idea of what becomes of the 
lead during the cupellation process: 



Weight of 
Button of Lead. 


PbO Absorbed by Cupel. 


Percentage of Pb 

Button Absorbed 

by Cupel. 


30.2 


grammes 


309 


grammes=28.67 


Pb 94.9 


28.6 




29.2 


= 27.1 


94.8 


28.4 




28.8 


-26.73 


94.1 


28.2 




28.7 


*' =26.64 


94.4 


16 




16.4 


= 15.22 


951 


iS-3 




15-7 


•=14.57 


95-2 


14.9 




15-2 


** =14.18 


95.2 


13-3 




135 


" =12.52 


94.2 


36 




37-5 


= 34.8 


96 



No feather crystals 
of PbO upon 
cupels. 



In the last the cupel weighed 31 grammes when new; after 
use it was completely full of PbO and weighed 68^ grammes. 

The principal loss in the silver assay occurs in cupelling; part 
of this loss is due to volatilization, but the chief source of error 
is occasioned by absorption of the silver by the cupel. This is 
easily shown by taking a known weight of silver- foil (C.P.), 
wrapping it up in some C.P. lead-foil, and carefully cupelling it. 

Experiment with C.P. Silver. — Weigh out accurately upon 
the button-balance one portion of C.P. silver-foil, from .2 to .4 
of a gramme, say .29918 grammes. 



ylSS^r OF ORES FOR SILVER. 57 

Weigh out between 6 and 7 grammes of C.P. lead-foil upon 
the pulp-balances. 

Wrap the C.P. silver in the C.P. lead. 

Weigh a cupel and heat to cupelling temperature. 

Drop the button of lead and silver into the cupel. 

Cupel with feather Utharge crystals. Note the time from the 
driving to the bhcking of the button. Have a hot cupel at hand 
to cover the one in use when the button blicks. Remove, clean, 
and then weigh silver button and weigh cupel again. 

Now take the cupel, cut off all the bone-ash not colored with 
PbO, and grind the remainder through a 60-mesh sieve. Weigh. 
Assay for silver by the crucible method, using 50 PbO, 20 borax, 
S sihca, and 2 J argols, or 60 PbO, 10 borax glass, 5 silica, 15 soda, 
and 2^ argols (R.P. = io). Cupel the resulting lead button. 
Weigh the silver bead and deduct the silver in the PbO used, if 
any is present. 

Report as follows: 

Weight of C.P. silver taken, for instance 29918 grammes 

after cupellation 29590 ** 
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Silver lost during cupellation 00328 = 1.09% 

Weight of silver found in cupel, less correction 

for Ag in PbO used 00288 

Percentage of silver absorbed by the cupel 96 

'* ** " lost by volatilization 13 

Weight of C.P. lead taken 6 grammes 

" cupel+PbO 27.9s 

" " cupel before using 21.81 ** 

Weight of PbO 6.14 

Weight of lead calculated from the PbO = 5.69 grammes. 
From the PbO absorbed calculate the per cent of the original 
lead that is in the cupel = 94.83%. 

If the silver button recovered from the cupel, less any silver 
in the litharge used (.00288 grammes), is more than is indicated 
by the loss in cupelling (.00328), that is, if in the foregoing test 
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.00288 had come out .00342, then there must have been lead 
either in .29590 grammes, making the loss (.00328). too small, 
or else there was lead in .00342 grammes. 

Such a result may occur if the cupel is not pushed back into 
the hotter part of the furnace just before the button blicks. 

It is seen from this experiment that the resulting silver button 
weighs considerably less than the amount of silver originally 
taken, and that about 90 per cent of this loss is due to absorp- 
tion by the cupel. 

This loss is. influenced by: 

1. The cupel, whether hard or soft. A hard cupel may not 
absorb the PbO as fast as made, thus prolonging the operation 
and increasing the loss of silver. A cupel may be so soft that 
the PbO will carry silver into it. 

2. The character and fineness of the bone-ash of which the 
cupel was made. 

3. The amount of silver cupelled. The larger the amount 
of silver cupelled the greater is the loss of silver, but the smaller 
is the percentage loss. 

4. The amount of lead used. Beyond a certain size of but- 
ton the loss of silver will increase because the time of cupellation 
will be unnecessarily prolonged. 

5. The presence of base metals in the button. If a button 
contains much copper, CuO will be formed with the PbO and 
this, when absorbed by the cupel, seems to drag silver with it 
into the cupel. The presence of Sb will increase the loss of 
silver both by absorption and volatihzation. 

6. The temperature at which the cupelhng is carried on. 
Feather crystals of litharge must appear on the inner surface of 
the cupel, otherwise the temperature is too high. 

7. The quantity of air passing into or through the muffle. 
Too little air delays the operation, causing loss; too much air 
may make the operation too rapid. 

The following tables are taken from the thesis of Messrs. F. 
J. Eager and W. W. Welch, class of 1902, who investigated these 
losses. They used a gas-muffle, made their own cupels, and a 
sample of the bone-ash they used sized as follows: 
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On 2o-mesh sieve 2 . 10% 

Through 20 on 40 i 

40^*60 3 

60 '' 80 5.2 

80** 100 13 

" 100 ** 120 9.4 

'' 120 68.2 

This bone-ash required only 10% of water to make it of the 
right consistency before pressing it in the cupel-machine. 



SILVER LOSSES IN CUPELLATION. 

The following table shows the importance of cupelling at 
the correct temperature. 

Lead and silver constant, temperature varying. 



C.P. Silver 

used in 
Gtammes. 


Lead. 


Time, 
Minutes. 


Temp. 

c. 


Per- 
centage 
Loss. 


Remarks. 


. 20462 
.20606 


10 grammes 


15 to 18 


7000 


•99 

I -05 


) Crystals of PbO 
>■ all about the 
) button. 


.20427 
.20010 




15 
16 


775 


1. 18 
.76 


Crystals of PbO 
y on cooler side 


.20472 
.20554 




i6i 


< < 
850 


1. 41 
1-7 


j of cupel. 
No more crystals. 


.20030 
. 20140 
.20518 
.20016 




15 

15 

Not taken 


850 
to 


1. 81 
1.69 

1-75 
1.69 


tt 


.20300 




(< it 


870 


1.8 




.20172 
. 20380 
.20347 




II 
II 


925 


2-59 
3.53 
3-78 




.20129 
.20586 




i4i 

15 


1000 

c ( 


4.78 
4.97 





The temperatures were taken by a Le Chatelier pyrometer, 
and as the junction could not be held in the lead button, it was 
kept about i" above it. 

It was found that the temperature there was about' 100° 
higher than above the floor of the muffle at the same spot, due 
no doubt to the oxidation of the lead itself. This explains why 
buttons can be cupelled at a comparatively low temperature 
after they have started to drive. In order to give a quick drive 
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the buttons were melted at 775°; the temperature could then be 
lowered to 625° and the buttons kept driving, but towards the 
" blick '' the temperature had to be raised to 750° or 775°. To 
cupel at as low a temperature as 625° would not be feasible in prac- 
tice, as the buttons require too much attention. At this temper- 
ature crystals of Utharge form all about the button. The range for 
these crystals seems to be from 625° C. to about 800° or 825°. 
The temperature of the muffle varied about 400° from the front 
to the back. Looking at the table, it is seen that the silver loss 
increases rapidly as soon as no more crystals are obtained on the 
cupel, and it is for this reason that the cupelUng temperature 
should always be sufficiently low to obtain these crystals. The 
cupels should, however, always be pushed back into the hotter 
part of the furnace just before the button blicks, otherwise it 
will be apt to carry lead. 

Another thing noticed in this run was, that as the temperature 
increased the tendency of the buttons to sprout increased. At 
1075° it was almost impossible to keep them from sprouting. 
Furthermore, as the loss increased, the color of the cupels, where 
soaked with Utharge, became more green, which was evidently 
due to the increased amount of silver absorbed. 

The following table shows the effect of varying the amount 
of lead. 

Silver and temperature constant. 

Three determinations were made at one time, and all condi- 
tions were kept as nearly alike as possible. 



No. 


Silver. 


Lead. 


Temp. 


Percentage 
Loss. 


Mean of the 

Two Nearest 

Together. 


I 


.20517 


10 grammes 


685° 


1-35 




2 


.20168 


( ( ( ( 






7 


1-39 


3 


. 20404 


n n 






42 




4 


.20555 


15 






30 




5 


.20651 


11 ( < 






45 


1.38 


6 


.20077 


tt ti 






14 




7 


.20182 


20 ** 






49 




8 


. 20284 


i( It 






85 


1.52 


9 


.20318 


tt tt 






55 




10 


.20225 


25 ]] 






82 




II 


.20517 








87 


1.8s 


12 


. 20632 


tt tt 




1.22 
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The table below shows the effect of varying the amount of 
copper. 

Silver, lead, and temperature constant. 



No. 


Silver. 


Lead. 
Grammes. 


Temp. 


Copper. 
Per Cent of 
the Silver. 


Percentage 
Loss. 


Mean of the 

Two Nearest 

Together. 


I 


. 20382 


10 


775° 


5 


1. 00 




2 


. 20256 






< ( 




.ID 


1.05 


3 


.20036 






tt 




.90 




4 


.20618 






10 




.19 




5 


.20193 






( ( 




.09 


i.oS 


6 


.20118 






(( 




.06 




7 


. 20146 






15 




•27 




8 


. 20138 






( < 




3 




9 


.20432 






tt 




35 


1.29 


lO 


. 20282 






20 




15 




II 


.20100 






( ( 




45 


1.45 


12 


-20338 






tt 




46 




13 


. 20224 






25 




05 


) Copper in 


14 


. 20496 






tt 




95 


- the silver 


15 


. 20420 






1 1 


I. 


07 


1 buttons. 



Many things worthy of note were observed in this scries. 
The presence of copper made it necessary to have the tempera- 
ture of the muffle 900° in order to make the lead drive. The 
temperature was then lowered to 775°. The presence of 5^\'> and 
10% of copper seemed to have very little influence on the loss of 
silver, but it is to be remembered that the ratio of lead to copper 
is over j.00 to i. 

Above 10% v.opper the silver loss increased, and when 25% 
was reached the silver buttons retained copper notwithstanding 
the ratio of lead to copper was 200 to i. As the per cent of 
copper increased the tendency of the silver buttons to sprout 
increased, which no doubt is due to copper being such a good 
absorbent of oxygen. 

The Effect of Tellurium on the Loss of Silver. — A series of 
tests with the silver constant, lead constant (10 grammes), and 
temperature constant at 775°, but the tellurium varying from 
2.2% to 15%, showed as follows: 

The loss of silver seemed to remain about normal, and the 
buttons appeared bright and clear until 15% of tellurium was 
used, when the resulting silver beads had a dull and frosted appear- 
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ance on the surface. These buttons, when dissolved in strong 
•H2SO4, gave the characteristic pink color, showing the presence 
of tellurium. 

The student can easily see from the foregoing tables how 
careful he should be in the cupelling operation, and how he should 
endeavor always to have feather litharge crystals upon the cupel. 

The silver losses taking place in both scorification and cru- 
cible work may be summed up as follows: 

I St. Silver carried into the slag, which is the smallest loss. 

2d. Silver volatiUzed during cupellation, which is next in 
amount. 

3d. Silver absorbed by the cupel, which occasions the largest 
loss. 

In the ordinary work of an assay laboratory it is impossible to 
assay all the slags and cupels so as to determine these loses, but 
they can be determined, and in the assay of very rich material and 
in special cases the corrections are made as in the Assay of 
Zinc Residues, page 145. 

Parties sending samples to different assayers should specify 
whether they wish this to be done or not, for I have known samples 
to vary simply because one assayer was making the corrections 
and another was not. 

ASSAY OF ORES FOR SILVER, CRUCIBLE METHOD. 

(POT-FURNACE; COKE FUEL.) 

The object here, as in the scorification method, is to form a 
slag from the gangue or waste material of the ore, and to collect 
the precious metals by means of lead, which is cupelled afterwards. 

In the scorification method our chief fluxes are lead and borax 
glass, with an addition of silica in some cases and sometimes a 
pinch of soda. 

The free access of air gives an oxidizing atmosphere. In 
the crucible process, on the other hand, although we make use of 
oxidizing agents, such as litharge (PbO) and nitre (KNO3), we 
are generally using reducing agents, and the crucible being covered 
up, the atmosphere is more of a reducing one. 
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FLUXES AND REAGENTS. 

The principal fluxes and decomposing agents used are the fol- 
lowing: 

Soditun Carbonate (melts at 814^ C.) and Potassium Carbon- 
ate (melts at 885° Le Chatelier). Either bicarbonate of soda or 
sal- soda may be used, because cooking-soda is decomposed by 
heat as follows: 

2NaHC03-|- heat = NajCOg-l- COj-t- HjO. 

Both the carbonates act as basic fluxes and combine with silica 
and silicates to form a silicate of the alkali with the disengagement 
of CO2: 2Na2C03+Si02 = 2Na20,Si02+2CO2. 
This gas tends to make them oxidizing agents. 

The sihcate of soda formed may be one of the following, 
depending upon the ratio of the silica to the carbonate of soda 
in the fusion: 

4Na20,Si02 = subsilicate. 

2Na20,Si02 = monosiUcate. 
Na20,Si02 =bisilicate. 

2Na20,3Si02 = trisilicate. 

4Na20,3Si02 = sesquisilicate. 

The following charges, fused in a pot-furnace in an E crucible, 
will illustrate this: 

No. I. No. 2. No. 3. 

Bicarbonate of soda, grammes 24 22 20 

SiOj, '' 10 20 25 

No. I poured clean, and the resulting product was probably 
the sesquisiUcate of soda. Slag very stringy. 

No. 2 poured part way out of the crucible. 

No. 3 only partly fused. 

Both carbonates form fusible compounds with many metallic 
oxides, but the compounds are not stable and are readily broken 
up by the presence of carbon. They also decompose the metallic 
sulphides: 

7PbS+4K2C03=4Pb+3(K2S,PbS) + K2S04+4C02. 
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If Na2C03+ 2C are heated in a closed vessel, we have 

Na2+ 3CO, or 2Na2C03+ 0= 2Na20+ 2CO2. 
Also NajO+C^Naj+CO. 

Then PbS+ Na20+ C = Pb+ Na^S+ CO. 

See also p. 87 and following. The carbonates may be used 
indifferently, but NajCOj is to be preferred, as it is cheaper and 
does not deUquesce. 

Both carbonates together make a more fusible mixture than 
either one alone. The bicarbonate NaHCOg is generally used, 
because it is more Ukely to be free from sulphates. 

Borax, or biborate of soda (NajO, 2B2O3, or Na2B407+ loHgO), 
melts at about 560° C. Soluble in water. 

This is an excellent and universal flux. It is neither oxidiz- 
ing nor desulphurizing, but forms fusible compounds with all 
the bases, and fuses and combines with most of the metallic oxides. 
Owing to the presence of boracic acid it acts as an acid flux, but 
is not as strong a one as SiOj. Too much in a fusion has the 
same effect as too much SiOj, rendering fusion thick. Its influ- 
ence on the size of the lead button may be to increase or diminish 
it, depending upon amount used and the character of the ore. 
It may be used in the form of biborate of soda, but owing to the 
large percentage of water in this (47.2%), which causes much 
sweUing in the crucible or scorifier, it is, better in all scorification 
work and crucible fusions in the muffle to use borax glass. 

Borax Glass. — ^This is ordinary borax fused (loss about 40 
per cent), poured into moulds, and later on broken up into small 
pieces. It is almost twice as strong as common borax, and costs 
25 cents or more per pound. On account of this high cost it 
should be used only for muffle- work and for refining buUion. 

Litharge (sp. gr. 9.2 to 9.36; Pb = 92.86%, = 7.14%).— 
Melts at about 950° C. Quick cooling is said to promote the 
yellow color, slow cooUng the red color. It is a strong oxidizing 
agent, oxidizing all the metals except Ag and Au; also all the 
sulphides, arsenio-sulphides, etc.: 
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Fe+PbO = FeO+Pb; 
Zn+PbO=ZnO+Pb; 
FeS2+ sPbO=FeO+2S02+5Pb; 
ZnS+3PbO =ZnO+S02+3Pb. 

It is a universal flux, forming fusible compounds with bases 
and combining with Si02 to form lead silicates. 

The silicate formed depends upon the ratio of silica and 
litharge present in the fusion, and this fact should be borne in 
mind when silica is added to a charge. 

The silicate formed may be one of the following: 

4PbO,Si02 =subsilicate* 

2PbO,Si02 =monosiUcate and most readily fusible. 

2PbO,2Si02 = bisilicate. 

2PbO,3Si02 = trisilicate. 

These are all fusible, but above this they commence to become 
infusible, and when we have 2PbO,i8Si02 the mass will become 
only pasty even at a very high temperature. 

MetalUc iron will decompose these siUcates either partly or 
wholly, with a reduction of lead: 

2PbO,Si02+ 2Fe= 2FeO,Si02+ 2Pb. 

The following fusions made in an E crucible in the pot-fur- 
nace will show the effect of SiOj in a fusion when both soda 
bicarbonate and Utharge are present. 



Sodium bicarbonate, grammes. 

Litharge, " 

Argols, 

SiOj, 

Cover of salt in each case. 

Ratio of SiOj to soda 

Time of fusion, minutes 

Lead, grammes 



No. I. 


No. 2. 


No. 3. 


No. 4. 


No. 5- 


^5 
60 


15 
60 


15 
60 


15 
60 


15 
60 


3 

24 


3 
26 


3 
30 


3 
33 


3 
36 


1.6 


1-7 


2 


2.2 


2.4 


35 
27 


35 
26 


25 

28 


25 
24 


25 
24 



No. 6. 

15 
60 

3 
39 

2.6 
25 



No. I 
No. 2. 
No. 3 
No. 4 
No. s. 
No. 6, 



Slag poured well, and was glassy. 
" " " was glassy and green in color. 

* ' was thick and contained some lead. 

" much thicker than No. 3 and contained more lead. 
" ** lumpy. 
' ' would not pour. 
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Although litharge is a strong base, it forms fusible com- 
pounds with oxides infusible by themselves. Fusible mixtures 
are thus formed with lime and the earths, which, though bases 
themselves, seem to be held in solution. In the crucible assay, 
although acting as a flux, its principal use is to supply the lead 
to alloy with and collect the silver and gold in the ore. When 
brought into contact with carbon, organic matter, metallic sul- 
phides or iron, it is reduced to metallic lead, and this, while settling 
in a spray through the contents of the crucible, collects all the 
silver and gold in the ore : 

2PbO+C =2Pb+C02;* 
9PbO+ Sb2S3=9Pb+ Sb203+ 3SO2; 
2PbO+PbS =3Pb-f SO2; 
PbO+Fe =FeO+Pb. 

Iron. — ^This is a desulphurizing agent and separates the sul- 
phur from Pb, Ag, Hg, Bi, Zn, Sb, Sn, and partly from Cu: 

PbS+Fe = FeS +Pb. 

It also decomposes litharge thus: PbO+Fe = FeO+Pb; owing to 
which reaction some assayers use it to throw down the lead 
in their fusions, but I wish the student to consider it as a 
desulphurizer. 

It decomposes lead silicate as follows : 

2PbO,SiO:,+ 2Fe= 2FeO,Si02+ 2Pb. 

In the crucible assay it is used either in the form of nails, 
which are put in point down, or as iron wire, which can be twisted 
into any desired form. 

Charcoal; Argols, CeHgKOe; Cream of tartar, C4H5KOe; 
Sugar, C12H22O11; Starch; Flour (Reducing Power (R.P.) about 
15). — These are all reducing agents, i.e., they are capable of re- 
moving oxygen from those compounds with which it may be com- 
bined. They are used in the crucible assay to remove oxygen from 
the PbO, and to reduce the necessary amount of lead to collect all 

* When an oxide is easily reducible, as PbO, the gas given off will be CO^. 
When not easily reducible, as ZnO, then CO is formed. 
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the precious metals in the ore. They have diiflFerent reducing 
powers, and assayers prefer some one and some another. Charcoal 
is itself infusible and does not combine with fluxes; too much will 
therefore render an assay thick and infusible. Flour is always 
easily obtained, so it is most commonly used. I prefer argols 
or cream of tartar, because on heating they break up into car- 
buretted hydrogen, carbon monoxide, KHO, and finely divided 
carbon, and for this reason act both as a flux and a reducing 
agent. One objection raised against their use is that they cause 
the fusions to boil excessively. 

Potassium Nitrate (melts at 339° C.) and Sodium Nitrate 
(melts at 316° C.) (both neutral to Utmus). — ^These are both 
powerful oxidizing agents. They fuse without alteration at a 
temperature below redness, but when heated more strongly they 
give up oxygen: 

2PbS+ 2KN03= 2Pb+ K2SO4+ SO2+ 2N; 
2CU2S+ 2KN03= 4Cu-h K2SO4+ SO2+ 2N. 

(If nitre is used in excess, the slag will contain CU2O and PbO.) 
In the above way the nitrates readily decompose the sul- 
phides, arsenides, etc., in the ore; the oxygen set free readily com- 
bines with the sulphur, forming SOj and the sulphate of the alkali 
used. 

They do not oxidize metallic lead very rapidly unless it is 
very finely divided and suspended in a molten mass, as shown 
in the following tests: 

No. I. No. a. No. 3. 

Granulated lead, grammes 60 / rnixed ^ (bottom of crucible) 60 

Nitre (KNO,). " 'sicricible. 1 5 (on top of lead) 15 

Salt cover salt cover salt cover 

Resulting lead button 42 44 42 

Fusion, minutes 20 20 20 

For determination of oxidizing power (OoP.), see page 71. 
FCjOi and MnOj. — ^These are both oxidizing agents and 
are basic in action: 

Fe203+C = 2FeO+CO. 
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Bear this reaction in mind when assaying an ore containing 
either of these, especially in the case of roasted concentrates 
which previously contained iron pyrites. They may have such a 
strong oxidizing power that no lead button will be found from 
a fusion where 3 grammes of argols (R.P. 10) are used. 



FcgOj, grammes 

Litharge, " 

Argols, " 

(R.P.-9) 

Glass, " 

Cover of salt in each case. 

The resulting lead button 
weighed, grammes 

If the FeaOg had not been present 
the lead button ishould have 
weighed (grammes) 



No. I. 


No. a. 


No. 3. 


20 


20 


20 


60 


60 


75 


2 


2 


7 




10 


10 


9 


9i 


55 


18 


18 
Oxi 


63 
dizing p 



No. 4. 

I A.T. of roasted concen- 
trates 
40 NajCOg 
20 borax 
60 litharge 
4 argols (R.P. = 10. 2) 



40.8 



32.8 
= — — 2 or I . I 
29.16 



Silica (SiOj). — ^This is a strong acid flux. It is used when 
the bases in an ore are in excess, when the ore is deficient in 
gangue matter, and also to protect the scorifiers and crucibles 
from the action of Utharge. (See under Litharge, page 65, for 
the silicates formed.) For the eflfect of too much SiOj in a 
fusion, see pages 65 and 86. 

Glass. — ^This is ordinary window-glass or chemical glass- 
ware ground fine. It is already a silicate of the alkalies, lime, 
lead, or all of these^ so its influence upon a fusion is not the same 
or as marked as silica. The ingredients of the glass are already 
wholly or partly in combination, while the silica is free. (See 
page 74.) Its use. in crucible work is most satisfactory for it 
seems to act as an equalizer in the charge and is recommended 
for those conmmencing assaying. 

Fluorspar. — ^A most excellent flux for baryta or heavy spar. 

Salt. — This is used as a cover to the charge to keep out the 
air and to clean the interior surface of the crucible, preventing 
the small particles of lead from adhering thereto. It melts at 
772° C. (Le Chatelier). 
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Some assay ers object to the use of salt, claiming that it is 
of no advantage and in some cases causes the crucibles to crack. 
This has not been my experience, however. 

CRUCIBLE EXPERIMENTS WHICH MAY CLEAR UP SOME OF 
THE FOREGOING. 

1. 14 grammes PbO+3^ grammes Fe gave 12 grammes of 
Pb and a slag, glassy and red in color. 

2. 14 granmies PbO+ 3.5 grammes Fe+,3 grammes Char- 
coal. Pb = 13 grammes, i.e., all the Pb. Slag black and dull. 

3. 15 grammes PbO+6.2 grammes Tap Cinder (FeO) + J 
grammes Charcoal. Pb = 4 grammes. Slag black and infusible, 
lead scattered all through it. (15 grammes PbO@92.8% Pb== 13.92 
grammes Pb.) 

4. 42 grammes of lead placed in the bottom of a crucible, 
covered with slag, fused 20 minutes, and poured gave 42 grammes 
of lead. 

5. 15 grammes PbS + 3^ granmies Fe gave lead = 12^ 
grammes (PbS+Fe = FeS+Pb), also an iron matte. 

6. 15 grammes PbS+6.2 granunes Tap Cinder +f grammes 
Charcoal. Pb = 9 grammes (Fe+PbS = FeS+Pb) and an iron 
matte. The slag was infusible, probably due to too much C. 
(FeO+C = CO+Fe.) 

7. 15 grammes PbS +9 grammes Fe gave Pb=i3 grammes; 
also iron matte. 

It is claimed that when an excess of iron is not used some 
Pb will go into the iron matte. No. 5 seems to confirm this, 
although the amount of Pb is very little less than No. 7. For 
if 56 parts iron will reduce 207 Pb (Fe+PbO = FeO + Pb), one 
part iron will reduce 3.69 Pb. 

In 15 grammes PbO there are 13.92 grammes Pb. 

I ^^.02 

.'. ' =3.77 grammes Fe to reduce all the Pb from the 
PbO. 

TESTING REAGENTS. 

One of the first things an assayer must do is to test the purity 
of his reagents. Lead and litharge can both be obtained free 
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from silver and gold, but this purity is only brought about by 
special refining. As gold is more readily removed than silver, 
the former is less likely to be present than the latter. Some 
lead and litharge on sale carry considerable silver and sometimes 
gold; therefore we find it absolutely necessary to assay every new 
lot received, and as some lots run very unevenly, they require 
just as careful sampling as any ore. 

Granulated Lead. — ^If this cannot be readily purchased, it 
can be made by melting lead at as low a temperature as possible, 
pouring it into a box and shaking it slowly, in a horizontal direc- 
tion, until it begins to congeal or become pasty; it is now shaken 
very rapidly until it granulates. Sift through a 12-mesh sieve 
and remelt what does not pass through. The loss by this method 
will not be over one per cent. It can also be made by blowing 
steam through a stream of melted lead. 

Testing jor Silver and Gold, — Assay for silver and gold by 
scorifying three or four portions of 120 to 160 grammes each in 3" 
or 4" scorifiers. If necessary, rescorify the resulting buttons and 
continue to do this until buttons are small enough to cupel. If 
the lead runs very low in silver and gold, two or more buttons 
may be combined in the scorifier or cupel. Weigh the bead of 
precious metals and part for gold. Make the corrections to 
apply to 35, 45, and 50 grammes of lead. This correction has 
to be made even if extremely small, for otherwise silver and 
gold might be reported as being present in an ore when it was 
entirely absent. 

Litharge. — Testing for Silver and Gold. 



Mix 

in 
cru- 
cible. 



Pot-furnace. F, G, or H Crucible. 


Muffle-fumace. A or B Crucible. 




4 A.T. PbO 




60 grammes to 3 A.T. PbO 




20 grammes soda 




10 '" soda 


Mix 


10 * * borax glass 




8 * * borax glass 


in 


3i ** argols* 




3 J '* argols* 


cru- 
cible. 


4 * * silica 




2 *' siUca 




Cover of salt. 




Cover of salt- 




* 


Reducing 


power = 8. 





The 28 grammes of lead thrown down by the argols will 
collect all the silver and gold in the whole amount oj PbO used. 
Weigh the bead and part to see if gold is present. 
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In assajdng some samples of lead and litharge it is necessary 
to take large amounts of each, because they carry very small 
amounts of the precious metals; therefore if we take 35 grammes 
of lead or 30 grammes of litharge, we may not obtain a bead and 
yet silver or gold may be present. For this reason, especially when 
assaying ores which have a very small amount of silver in them, 
imless C.P. reagents are used, I prefer lead and litharge which 
carries so much silver that a bead will result when 35 grammes 
are used, rather than lead and litharge which has a correction 
of, say, .00011 grammes for 35 grammes, figured from the assay 
of 120 or 160 grammes. A correction as small as .00011, to 
be accurate, can only be obtained by using a large amount of 
lead or htharge. If now we make an assay of an ore carrying 
a very small amount of silver and use only 35 grammes, the silver 
bead both from the ore and the lead will very likely weigh less 
than .00011 grammes. 

Oxidizing Power (O.P.) of Nitre. — ^Nitre melts at about 339° 
C. Like htharge it is a strong oxidizing agent and has the prop- 
erty of oxidizing sulphides with the formation of SO2 and sul- 
phate of potassium. 

The oxidizing power should be found by fusing it with an ore 
the working reducing power of which is known. 

The following are examples : 

PeS2 and 
Arsenopyrite. Concentrates. Chalcopyrite. 

Ore, grammes 3 3 3 3 23 

Sodium bicarb. " .... 6 3 6 6 2 3 

Litharge, " .... 50 60 50 50 90 90 

Nitre, " . . . . — 4 — 4 — 4 

SiUca, "....— 3 — — I 3 

Cover of salt. Cover of salt. Cover of salt. 

Time of fusion, minutes. ... 17 19 20 15 20 20 

Lead, grammes 21.50 4.71 25.76 8.34 18 9.2 

R.P 717 8.58 9 

O.P 21.50 4.35 4.45 

471 
4 ) 16 79 
4.2 

The average value of this lot of nitre, after many fusions with 
different ores, was found to be 4.3, and this value was confirmed 
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by the size of the lead buttons, when the regular assays of the 
ores were made and a large amount of nitre used. 

It is often claimed that the oxidizing power of nitre varies 
with different ores, but the variation is no more than shown in 
the previous fusions, provided the right rediuing power of the ore 
is used. If the true reducing power was known and every condi- 
tion kept the same in each fusion, the oxidizing power would 
probably be found to vary not as much as indicated. 

The following will illustrate how easily a wrong value for 
nitre may be obtained: 

No. of Fusion . . 155 145 146 X47 X17 118 xs6 
Ore, grammes... 3 333233 

NaHCOj, "...o 3 6 9 2 6 o 

Litharge, "... 60 60 60 60 80 70 60 

Nitre, "...— — — — — — 4 

Salt cover in each case. 

Time, minutes 13 10 10 10 19 19 13 

Temp., deg. C 1240 1320 1330 1290 1225 1120 1265 

Lead, grammes 14-72 18.93 23.26 23.32 14.03 23.02 4.95 

RP 491 6.31 7.75 7.77 7.02 7.67 • 

The R.P. of this ore is 7.7. 

If the oxidizing power of nitre is based on fusion 155, it equals 
2.44. If on fusions 146 and 147 it is 4.5. If on fusion 117, it 
is 4.02. 

Either of the values 4.5 or 4 is close enough for practical work. 

To figure the O.P. from the regular ore fusions is not safe, 
unless these charges are made up on exactly the same basis as the 
preliminary fusion and conducted in the same way, for the size 
of the resulting lead button depends upon the amount of soda^ 
borax, litharge, and SiOz added to the charge, the amount of gangue 
in the ore, and the temperature at which the fusions are conducted. 

The oxidizing power does seem to vary, based on the lead but- 
tons, with different reducing substances hke argols, charcoal, 
flour, etc., as shown in the following fusions. When the nitre is 
kept constant and the litharge varies, as in fusions Nos. 55 and 47, 
the oxidizing power varies, which seems to indicate that the varia- 
tion is due to the fluxes, temperature, or something other than 
the nitre. Therefore do not use the oxidizing value found in this 
manner, when making up a charge for an ore. 
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No. 55. No. 47 


Argols, grammes. . 


• 3 


3 


3 Charcoal i 


I Starch 2^ 2^ 2^ 


Soda, 


• 3 


3 


3 


3 


3 


3 3 3 


Litharge, " 


. 6o 


60 100 


60 


60 


60 100 60 


Nitre, " .. 


. — 


4 


4 


— 


4 


— 4 4 


SiO^, 


• 3 


3 


3 


3 


3 


3 3 3 




Cover of salt 


. 


Cover of salt. 


Cover of salt. 


Temp.,deg. C... 


. io6o 


1225 


1090 


1160 


1210 


1150 1160 1220 


Lead, grammes. . . 


.29.78* 


12.47 


12-55 


27.57 


8.42 


30.38t 10.54 9 64 


O.P. of nitre 




4-33 


4.30 




4.8 


4.96 5.18 



♦ Average of four fusions. t Average of two fusions. 

Reducing Agents (Charcoal and Argols). — Testing jar Reduc- 
ing Power (R.P.). — Before the student attempts to assay an ore 
by the crucible method he should determine the reducing power * 
of his reducing agents, as charcoal, argols, and flour. The object 
of this is twofold: 

I St. To obtain their values in order to know what amount of 
them to use in the regular fusion of ores. 

2d. To learn the principal steps connected with a fusion in a 
crucible. Take two crucibles, either E or F. 

Into them, in the order given, weigh out carefully the following: 






' Litharge. . . . 
Bicarb, soda. 

Argols 

Silica (SiOa). 


60 grammes 

• 3 

• 3 

2 ** 


Litharge 

Bicarb, soda. 

, Charcoal. . . 

SiKca 


60 grammes " 

3 

1 ** 

2 ** 


or 




or 




L Glass 


5-10 


Glass 


5-10 " J 






Weigh out argols and charcoal on the pulp-balance, the others on the flux- 
balance. 

Cover of salt, i" deep. Cover of salt, \" deep. 

The cover of salt, when melted, keeps out the air, washes 
down and cleans the sides of the crucible and makes a glaze, thus 
preventing the lead globules from sticking to the sides of the cru- 
cible. Have a good bright fire, then sprinkle over it a thin layer 
of fresh coke, to prevent the crucibles coming directly in con- 
tact with the hot coals, and next place the crucibles in the furnace; 
put a cover on each crucible to keep out all dust and coke ; care- 
fully pack coke around them, and do not disturb in any way 
until the contents fuse. The top of the crucibles should be below 

* When we speak of the reducing power here, we mean the amount of lead 
that I gramme of the substance will reduce or throw down from an esccess of 
litharge. 
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or only slightly above the bottom of the flue. Urge the fire and 
heat crucibles until the contents begin to fuse, then check the fire 
and see that the contents of the crucibles do not boil over. When 
the contents are fairly quiet, put the draft upon the fire and heat 
at a high temperature (iioo® C. or over) for 15 to 20 minutes 
or until the fusion is perfectly quiet. The reaction which has 
been going on is 2PbO+C = 2Pb+C02, which. will continue until 
all the carbon present has been oxidized by the oxygen in the PbO 
present. Take the crucible out of the fire, and pour the fusion 
into a mould which has been coated with chalk, ruddle (FejOg), or 
oily previously heated and dried. When cold, separate the lead 
from the slag, hammer into a cube, and weigh to the first place of 
decimals on the pulp-balance. Suppose they weigh 29 and 24 
grammes respectively; it means that the reducing power of i 
gramme of charcoal is 29 granmies of lead, and argols 8 grammes 
of lead, and that they will reduce this amount of lead from an 
excess of PbO, whether the amount of PbO is 60 or 1000 granmies. 
If we used only 20 grammes of htharge, some of our reducing 
substance would be left unoxidized and our reducing power 
would be too low and therefore inaccurate. Both fusions can 
be made without the sihca (SiOz) or the glass, which are added to 
form a slag with the excess of htharge present and to prevent the 
PbO from combining with the constituents of the crucible and 
eating through. The ^lass has less effect than sihca, because it is 
already a siUcate of lime, soda, potash, lead, or a mixture of 
these, and is preferable for those commencing assa)dng. The sihca 
is SiOj and has a great influence upon the results, as the following 
fusions, made in a pot-furnace, will show. 



Bicarb, soda, gms.. 

Litharge 

Argols 

Glass 

SiHcaCSiOa) 

Cover of salt iii 

each case. 

' Temp, outside of 

crucible, deg.C. 

Lead button, gm 

. Reducing power . 



60 
3 



29.03 
9.68 



60 

3 
10 



940 
28.9 
963 



60 
3 



1250 
27.7 
9.24 



60 

3 



940 
28.7 
9-55 



60 
3 



940 

28.03 

9-34 



60 

3 



940 

24.81 

8.27 



3 
60 



1280 
29.69 
9.90 



6 

60 

3 



1345 

30.83 

10.28 



12 

60 

3 



1320 

30-75 
10.25 



3 
60 



1060 
29.28 
9.76 



Time of fusion between 1 2 and 20 minutes. 
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IS 



In other words, when 60 grammes of PbO and 3 grammes of 
argols are used, the addition of soda, up to 6 grammes, increases 
the size of the lead button; beyond this it has little if any effect. 
The limit for the siUca is evidently between 2 and 3 grammes^ 
for 3 grammes diminishes the size of the lead button, and 5 grammes 
has a marked eflfect. If .the lead silicate 2 PbO,Si02 is formed 
(a ratio of 7 PbO to i SiOj), then no excess of PbO would be left 
in the fusion when 5 grammes of Si02 were used, and carbon 
cannot reduce lead from a lead silicate. 

The SiOj used contained 98.68% SiOj. The glass seems to 
have about one fifth the effect of the silica, i.e., i SiOj^s glass. 

The results, when using charcoal, were as follows: 



Bicarbonate of soda, grammes . 

Litharge, " 

Charcoal, " 

Glass, 

Silica, " 

Cover of salt in each case. 

' Time, minutes , 

Temperature, degrees C. . . •, 
Lead, grammes 

. Reducing power 




60 

I 

lO 



IS 

"57 
27. 57 
37-57 



The value of any other reducing agent can be obtained in 
the same way by substituting it in place of argols or charcoal 
and keeping the rest of the charge the same. 

The reasons for not making these fusions with litharge alone 
and the reducing agent are twofold: first, because by using 
the silica and soda we approximate somewhat to the charge for 
the regular fusion; and second, because a crust is prevented. 
A fusion may be at a very high temperature and liquid below, 
but a crust on top will prevent a clean pour. Small amounts of 
silica, soda, or borax prevent this, and the whole charge will be 
liquid. If a crust forms when they are present or the fusion is 
thick, it is due to either too low a temperature or an excess of 
some flux. 

The effect of borax and borax glass is similar to that of silica^ 
although not so marked: 
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Litharge, grammes 

Argols, ** 

Borax-glass, " 

Borax, " 

Time of fusion, minutes 

Temp, outside crucible, deg. C 

Lead, grammes 

Reducing power 



60 


60 


60 


60 


60 


60 


60 


3 


3 


3 


3 


3 


3 


3 


— 


3 


5 


10 


— 


— 


— 














6 


9 




Cover|of sal 


t in 


each 


case. 


12 


13 


19 


16 


10 


II 


10 


1220 


860 


860 


860 


1240 


860 


1225 


29.03 


28.39 


28.49 


27.22 


28.77 


27-51 


26.78 


9.68 


9.46 


950 


9.07 


9-59 


9.17 


8.92 



60 

3 



1330 
25 -99 
8.66 



From this table 6 grammes of borax have about the same 
effect as 10 grammes of borax glass. 

Incorrect results may also be obtained by not having the heat 
high enough, as shown in the following: 



Pot-furnace. B Crucible. 



Muffle. B Crucible. 



se 



Bicarb, soda 3 gm. 

Litharge 60 * * 

Argols 3 ** 

^ Glass 10 *' 

Cover of salt 

Lead 31. i ** 

Reducing power 10.36 



3 

60 

Charcoal i 

Glass 10 

Cover of salt 

27s 

27-5 



3 

60 

Argols 3 

Glass 10 

Cover of salt 

28.1 

9-4 



3 

60 

Charcoal 1 

Glass 10 

Cover of salt 

26.4 

26.4 



ASSAY OF ORES FOR SILVER: CRUCIBLE METHOD. 

Having tested the reducing agents and found their values, to 
be used in all subsequent work, we can now take up the assay of 
an ore. The principal advantage of the "crucible method," 
whether for assaying ores for silver or for gold, is that we can use 
large amounts of ore. It is therefore especially adapted to 

(a) Poor or low-grade ores, i.e., ores poor in silver and gold. 

(6) Refractory ores, or those with a refractory gangue like 
limestone, barite, etc., which require large amounts of borax 
glass or some other flux to decompose them in the scorifier. 

{c) Special ores like chloride of silver, which spit badly in 
the scorifier. 

Avoid if possible using the method for ores containing large 
amounts 0} copper, antimony, and like metals, which are liable to 
be reduced to pass into the lead button, and hence to necessitate 
a scorification. (See special methods, pp. 106 and no.) 

We may divide the ores for crucible work into: 
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Class I. Silicious, oxide, and carbonate ores or ores con- 
taining no sulphides, arsenides, etc., i.e., ores .with no reducing 
power, or which are unable to decompose litharge with a reduc- 
tion of lead. 

Class II. Ores carrying sulphides or arsenides, i.e., ores 
having a reducing power or ores which can decompose litharge 
with a reduction of lead. 

The character of the sample of ore can of course be most 
readily determined when the ore is in a coarse condition or in 
lumps, but as fully half the samples received by the assayer are 
in a pulverized condition, he must be able to form a very close 
idea of their composition. 

Given a sample of pulverized ore to assay either for silver or 
gold, or for both, the student should ask himself the following 
questions: 

(a) Is the ore sufficiently fine to assay, i.e., will it pass through 
a I GO -mesh sieve or a finer one? 

(b) What is the character of the sample, i.e., what minerals 
are present? Are they sulphides, oxides, carbonates, or other 
compounds? 

(c) Is the sample apparently an iron, copper, lead, or zinc 
ore, or is it a mixture of several minerals ? 

(d) Is there much gangue and is this gangue acid or basic, 
i.e., is the gangue quartz and silicious, or does it consist of basic 
material, such as iron oxide or limestone? 

(e) Is the sample better adapted for the scorification or for 
the crucible method ? 

All these questions have a bearing upon the actual assay; 
for, as in chemistry we use certain methods in the separation of 
certain elements, so in assaying certain methods must be used 
upon certain classes of ore. 

The fluxes, reagents, sizes of scorifier, crucibles, and heat 
used depend upon the nature and composition of the sample. 

Given an ore, let the student empty the whole of it out of its 
receptacle and mix or roll it loo times on oilcloth or glazed 
paper. Now take a very small portion of it, place it in a horn 
spoon, vanning-shovel, or gold-pan, moisten it with water and 



78 NOTES ON ASS/tYING. 

shake it gently; this will cause any heavy material that may be 
present to settle out. By gently washing ofiF the lighter portion 
the student can examine the heavy portion or concentrates, if any 
are present, and decide whether it belongs to Class I or Class n. 

Having decided whether the ore contains sulphides or not, 
proceed to weigh out the fluxes and place them in the crucible. 
The ore is weighed out last of all, and brushed from the scale-pan 
into the crucible, where it should be thoroughly mixed with the 
fluxes. 

If the ore is weighed out first it is apt to be left at the bottom, 
where it will merely sinter, stick to the crucible, and never be 
decomposed. 

The amount of ore taken can be any weight from ^ A.T. 
to 4 A.T., but the fluxes must be in proportion. The crucible 
should never be more than two thirds full when the charge is all 
in and the cover of salt placed on top. 

Class I. — Ores under this class are assayed upon the following 
plan. (Pot-furnace, E or F crucible.) 

SiLicious Ore. 
Charge (a). Charge (b). 



•5 « 

.a s 



• Ore i A.T. Ore J A.T. 

Sodium bicarbonate. .30 gm. Sodium bicarbonate. . . .15 gm. 



Borax 0-3 ' ' Borax 0-5 * * )■ -l 



Litharge * 30 * * Litharge * 60 

, Argols t •• 3i '* Argols f 3} 



ca 



Cover of salt J inch thick over all. 
♦ Sufficient to supply 25 to 28 grammes of lead. 
t Each gramme reduces 8 grammes of lead. 

Each fusion should give a lead button weighing 26 grammes. 

The fluxes are always weighed out first and placed in the cruci- 
ble, and the ore last of all. Mix thoroughly in the crucible and then 
place the cover of salt on top, which washes down the interior 
of the crucible and prevents excessive boiling of the contents. 

For the reducing power oj argols, take the value you find when 
testing reagents, page 73. Other reducing agents, like charcoal, 
flour, starch, etc., can be used, but their reducing power must 
be known. 

As ores are often assayed in duplicate, the student is recom- 
mended to vary the charge used and therefore to make one 
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fusion as per charge (a) and the other as per charge (6). A 
good plan to follow is to have the amount of active fluxes two 
or more times greater than that of the ore used. For instance, 
in charge (a) the soda is high and the litharge is low. The 
latter disappears to give the lead button, and the argols disappear, 
with the exception of a little KOH and K3CO3, which we may 
neglect. Therefore the active fluxes remaining are 30 grammes 
of soda and 5 grammes of borax, or 35 grammes in all, i.e., a 
little more than twice the ore used (J A.T.). If we put the 
soda down to 15 grammes, then we should have only 20 grammes 
of active fluxes, and with many ores this would be insufficient to 
insure a good liquid fusion. 

In charge (b) the soda is low and the litharge is high, so our 
active fluxes are 15 grammes of soda, 5 grammes of borax, and 
30 grammes PbO, or 50 in all, which is 3 J the amount of ore, and 
the fusion will probably be more liquid than charge (a). 

Although the two charges given may work well on a silicious 
ore, it must be borne in mind that the fluxes have to be varied 
according to the gangue of the ore and the minerals contained 
therein. If the ore carries much lime or is high in metallic ox- 
ides, the borax should be increased or Si02 added. If barite is 
present, fluor-spar must be added as a flux. If FejOg or MnOj is 
present in large amount, the reducing agents must be increased 
if we do not know the oxidizing power of the ore, because they 
will be reduced to the lower oxides (FeO and MnO) by the argols, 
and not enough argols will be left to reduce the necessary 24 or 
28 grammes of lead. (See pages 67 and 68.) 

The following charges may make the matter a little clearer. 

Use E or F crucibles. 
Charge (c) (d) {d') (e) 

* ^ Ganjfue — 

T ;r««e+««« ,•« ♦!,« „a««,,o Fe203+ SlOa. silicate of alu- 

Limestone in the gangue. Oxidizing power - h mina. and 



2 



magnesia. 

f Ore i A.T. Ore J A.T. i A.T. i A.T. 

Bicarb, soda .. .gms. 15 Bicarb, soda., .gms. 15 30 30 

Borax " 10 Borax " 10 10 10 

Litharge * ' 60 Litharge * * 60 30 40 

Argols (R.P. = 8) " 3i Argols ** 4 6 3 

Silica (SiOa) . . . ** 2 Silica ** o 2 5 

Cover of salt in each case. 
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Charge (c). — ^The ore is basic, therefore borax and silica, 
both acid fluxes, are used; the litharge is also kept high, for, 
though acting as a base, it is a good flux for limestone. 

Charge (d). — ^The ore is partly basic due to the FejOg, for 
which reason borax is used, eind partly acid, due to the SiOj, 
for which reason the PbO is kept high. The ore also has an 
oxidizing power which would consume i gramm'e of argols in 
reducing the FejOg to FeO, hence the argols are raised to 4. 

Charge (d'). — In this charge the argols are used in excess, 
therefore the amount of PbO must be limited to 30 grammes. 
An excess of argols does no harm, and this is an instance of their 
advantage over charcoal; for if the latter was used in large excess, 
the charge would be infusible. Owing to the PbO being low, 
the soda and borax are high, and SiOj is added, which also makes 
correct the ratio of fluxes to ore. This charge would not be 
suitable for an ore carrying copper or a metal that could be 
reduced, for the reducing agent is in excess. 

Charge (e). — ^The ore here is a very refractory one which re- 
quires high borax and considerable silica. 

Fusion in Pot-furnace — General Directions, — Fresh fuel is 
put on the fire and the crucibles are placed on this (furnace 
will hold four). Covers are put on the crucibles and the fuel 
is packed around them even with the top of the crucible, then 
the draft is put on the furnace and the contents of the crucibles 
melted slowly to avoid dusting. When the contents first fuse, 
lessen the draft and have the fusion take place quietly, not only 
to avoid having the contents boil over, but also to prevent the 
fusion from coming up on the sides and leaving particles of ore 
and lead. When all danger of boiling oyer has ceased, seize 
the crucibles with the tongs and rotate the charge several times 
while the crucible is in the furnace, then increase the heat and 
fuse until quiet, say 30 to 45 minutes. Rotate the crucible several 
times during the fusion. As a rule, the larger the amount of sul- 
phides present the longer the fusion will have to be in order to insure 
perfect decomposition of the ore. If nails are used (ores of Class 
II), the crucible should be left in the fire, until no drops of lead 
are seen adhering to the nails, when they are raised out of the fusion. 
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When the fusion is completed, remove them and, holding them part- 
ly in the fusion, tap them gently to knock off any adhering drops of 
metal. Let the crucible stay in the furnace two or three minutes 
longer, then take it out with the crucible-tongs, tap it gently 
upon the furnace, and pour the contents into 
this mould, which should have been previously 
coated with ruddle, chalk, or oil and then 
wanned. Allow plenty of time for the assay to ^i 3= i i i 
cool, eind then separate the slag from the button 
of lead, which should be soft and malleable. Hammer the button 
into a cube. Notice the button carefully, also the slag and the 
crucible, for by so doing mistakes in the subsequent work may 
be avoided. Weigh the button on the flux-balances. If the 
button is hard and brittle, it should be scorified before cupelling. 
A red slag indicates copper oxide; if the salt cover is blue, it 
also indicates copper, due to CUSO4 or chloride formed with the 
salt. The button should stick slightly to the slag. A button 
jailing away from the slag indicates too great a heat or too long 
a fusion. If there is a matte between the button and the slag, 
it indicates too short a fusion or imperfect decomposition. Hard 
buttons are due to the presence, of copper or antimony or 
both. 

Brittle buttons may contain Cu, Sb, As, Zn, S, PbO, or it may be 
a rich alloy of Pb and Ag or Pb and Au. (14 grammes Au, 27 Pb, 
brittle.) The lead button, containing the precious metals, is cu- 
pelled if it weighs 30 grammes or less. If it weighs over this or con- 
tains impurities, it should be scorified and then cupelled. Cupel 
in the usual manner. The silver button is weighed, correction 
made for the Ag contained in the PbO used, and the result reported 
in ounces per ton, and value per ton of 2000 lbs. av. In all 
crucible assays the object is to form a liquid slag by means of the 
soda, borax, and PbO. The latter is a splendid flux, but its 
main duty is to supply the lead and to collect the precious metals 
in the fusion. This Pb (brought down by the argols, sulphides 
in the ore or iron used in the fusion) settles as a fine spray through 
the fusion and collects the precious metals. Endeavor to keep 
the oxides of the metals, such as iron, copper, and manganese, in 
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the condition of lower oxides, for the peroxides tend to carry 
Ag and Au into the slag. 

// base metalSy siich as Cu, 56, and Zw, are present in the ore, 
high litharge and as small an amount of rediicing agent as possible 
should be used, to avoid reducing these metals. See Special 
Methods. 

Class I. — Fusion in the MuflBie. (See Assay of Ores for Lead 
in regard to the manner in which the fusion in the muffle is con- 
ducted.) 

The fusions on ores in Class I can be made in the muffle as 
well as in the pot-furnace. In early days, in the Far West, a pot- 
furnace was used almost entirely. At present, in Colorado, a 
pot-furnace fired by solid fuel is very seldom seen, all assays 
being made in the muffle. Since the gasoUne and oil furnaces, 
especially the combination ones, have been introduced, one sees 
as many fusions made in the crucible-furnace fired by these as in 
the muffle. The pot-furnace has the advantage over a muffle, 
fired by solid fuel, in that a muc|| higher temperature can be ob- 
tained, which is very essential in the fusion of some refractory ores. 

The charge is usually made up somewhat as follows (use an 
A or B crucible, Colorado form) : 

Ore iA.T. 

Sodium bicarbonate 15-10 grammes 

Mix in the J Borax glass 0-5 " 

crucible 1 Litharge 60-90 " 

Argols(R.P. = 7i) 3i " 

LSilica(Si02) 1-3 

Cover of salt. 

In this charge we aim to have fluxes sufficient to form a good 
slag and yet give a fusion which will boil up but slightly. For 
this reason the litharge is high, the soda low, and borax glass is 
used in place of borax. Some ores will require silica in the charge, 
but a variation in the amount of either SiOj, htharge, or borax 
glass from that given will generally make the fusion satisfactory. 
The following will serve as an example of an ore which was decom- 
posed in a pot-fusion, but not in a nluffle, heated by coke: 
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Ore 2298-5, consisting of hematite and some quartz. 



Mix 

in the 

crucible 



Ore iA.T. 

Sodium bicarbonate 15 granmies 

Borax glass 3 "** 

Litharge 90 '* 

SiKcaCSiOj) 3 

lArgols 5 " 

Cover of salt. 



Fusion was made in a B crucible at the highest temperature 
of the muffle for 55 minutes. The result was a small lead but- 
ton, with the slag completely full of fine lead globules. A second 
charge was fused for i J hours, but gave the same result. 

A charge identical in every way was then fused in a B cru- 
cible for 55 minutes in a pot-furnace heated by coke, and the 
result was a 44-gramme lead button and a clean slag free from 
lead globules. The explanation is that the heat was not suffi- 
ciently high in the muffle-furnace for the character of the charge. 

Class II. (Ores carrying sulphides or arsenides, i.e., ores 
which can decompose litharge with a reduction of lead.) — Before 
taking up the actual assay of sulphide and arsenical ores under 
this class the following experiments should be carefully studied 
and considered. They all have an important bearing upon the 
assay of these ores, and the experiments have been carried out 
from time to time as things came up in the laboratory which 
suggested them. A student commencing assay work seems to 
be under the impression that the fluxes used and the amounts 
taken are chiefly matters of guesswork. No greater mistake 
can be made. All the fluxes used have a bearing upon the work, 
and if the proper amounts are not taken the assays will not only 
be inaccurate as far as the silver and gold are concerned, but 
most unexpected results will follow. 

It must be borne in mind that the samples to be assayed con- 
stantly vary in composition, and the fluxes used must be varied 
to comply with this, otherwise the results will be unsatisfactory. 
The fluxes also have a bearing upon each other and it will be seen 
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that some of the results to be given are difficult to explain in any 
way.* 

Reducing Power of Ores. — In taking up this work, it seems 
necessary to distinguish between the working reducing power 
and the true reducing power of an ore. 

The working reducing power is that by which we can obtain 
a satisfactory lead button in the regular fusion weighing within 
I to 4 grammes of the weight calculated for. 

The true reducing power seems to be a rather difficult thing 
to determine. 

The working reducing power can be obtained in either of 
two ways: 

I St. By the use of the same amount of sodium bicarbonate 
or carbonate as of ore used and a large excess of Utharge, i.e., 
40 to 50 times the amount of the ore. 

2d. By allowing a certain amount of sodium bicarbonate or 
carbonate to replace a given quantity of Utharge. 

The following charges will serve as illustrations. 

PRELIMINARY FUSIONS. 

Weigh the fluxes out first and place the ore on top, then mix 
all in the crucible. 
1st Method. 

Take 2 grammes of ore if the quantity of sulphides is very large. 
3 '* *' ** ** ** *' " '' '* medium. 

5 *' ** '* '* '* " '* '' *' small. 

10 * * It ti it tt it ii It It ygj^ small. 

80 '* ** litharge. 

same amount of sodium bicarbonate as of ore taken. 

5 grammes glass. 
SiOj none. 

Cover of salt in each case. 
Fuse for 8 to 12 minutes. 

The working reducing power of any ore (except perhaps some 
high-grade copper ores) can be obtained by some one of the 
above charges. Less litharge can be used in the case of most ores, 

* There is a very large field for research work in the analysis of slags, 
especially from crucible work. 
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« 

but beginners will often obtain incorrect results by using too 
much ore and insufficient litharge or too much SiOj. This last 
is therefore left out entirely. 
2d Method. 



1 






' Take 2 grammes of ore if the quantity of sulphides is very large. 
i« 3 ** *\ '* *« '* . «' '* «' *« medium. 

iC ^ « a a «c *. ,« ,. <, .* gjj^^ll 

c« 10 *' *' ** '* ** '' '* *' "very small. 

* * 60 * * " litharge. 

" 6, 6, 10, and 20 grammes of sodium bicarbonate respectively. 

' * 5 grammes of glass. 
Cover of salt. 
Fuse for 10 to 15 minutes. 



The increase of sodium bicarbonate takes the place of the 
extra 20 grammes of Utharge used in the first method. 

When the reducing power of an ore is to be found, use one 
of these methods and weigh out one charge in an E or F crucible. 
Conduct the fusion as when determining the R.P. of argols and 
charcoal, only be still more careful that the contents of the cru- 
cible do not boil over. Fuse for ten to fifteen minutes at a high 
temperature, pour fusion, and weigh the resulting lead button 
upon the pulp-balances to the first place of decimals. 

If 5 grammes of ore were used and the lead button weighs 
5.5 grammes, the R.P. of the ore is equal to i.i. 

The amount of lead thrown down in the preliminary fusion 
is influenced by the reagents in the charge, the relation of these 
to each other and to the ore used, also by the temperature. 

That is, an incorrect working value may very easily be ob- 
tained for an ore in one of the following ways : 

(a) By the use of too much silica. 

(6) By the use of borax and no sodium bicarbonate. 

{c) By the use of too Httle Htharge or, what is the same thing, 
too much ore for a given quantity of Utharge. 

(d) By omitting the sodium bicarbonate. 

{e) By an incorrect temperature. 

The following experiments, taken from the thesis of Messrs. 
M. Brown, Jr., and R. C. Reed, of the class of 1904, illustrate 
these points and are of especial value. 
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The ores they worked upon were grouped as follows, accord* 
ing to their R.P. : 

Sulphides very large, very high R.P above 8 

'' large, high R.P 4 to 8 

' * medium, R.P i to 4 

small, R.P below i 

{a) The effect 0} too much SiOi* 



Ore No. 2420-4. 

Ore, grammes 3 3 

Litharge, " 60 60 

SiUca, " — 2 

Salt cover cover 

Time of fusion, minutes 13 10 

Temperature, degrees C 1240 1290 

Lead, grammes 14-72 13 . 61 

RP 4.91 454 



3 

.60 

4 

cover 

10 

1320 

"•93 

398 



3 

60 
6 
cover 

13 
1160 

5-70 
1.90 



Ore No. 2545, ZnS and Other Sulphides. 



Ore, grammes 5 2 3 

Soda, ** .... 5 2 6 

PbO, ** 100 60 50 

SiOa, " 10 o o 

Cover of salt in each case. 

Time, minutes. ... 12 12 12 

Lead, grammes. . . 13 16.66 25.76 

R.P 2.6 8.33 8.58 

Working valuer 8. 45, i.e., the aver- 
age of the last two. 



Ore No. 605. 



Ore, grammes 

Soda, *' .... 

Litharge, " 

SiO„ " .... 

Cover of salt. 
Fusion, 25 minutes 
Lead and matte = 
Lead = 

Working value = 



10 

10 

100 

10 



42.2 



3 
60 

8 
cover 

13 
1265 

3-6j 
1. 21 



3 

3 

120 

3 



24 
8 



In five of these fusions so much htharge combined with the 
siUca that not enough was left to decompose the ore. 
(6) The effect of borax and no sodium bicarbonate. 

(PbS 
Ore No. 2420-4 < CujS 

( SiOa and CaSO^. 

Ore, grammes 3 3 3 3 3 

Bicarb, soda, " — — — 6 3 

PbO, " 60 60 60 60 60 

Borax, " 3 6 9 — 3 

Salt cover cover cover cover cover 

Time, minutes 11 10 10 13 — 

Temperature, degrees C 1265 1200 1225 1330 1345 

Lead, grammes 11.40 12.57 ^3-^3 23.26 18.67 

R.P 3-8o 4.19 4.37 7-75 6.22 
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In this ore, owing to the galena present in it, the eflfect of 
borax is to increase the size of the lead button. 

{c) The use of too little litharge will give an incorrect value, 
especially if the R.P. is high; for instance, us'ng 5 or 10 grammes 
of a heavy sulphide ore, 5 or 10 of soda, and only 60 of PbO. 

{d) Omitting the carbonate 0} soda. The effect of this reagent 
upon the size of the lead button is more marked than any other, 
and as it is always used in the regular fusion of an ore, to omit 
it in the preliminary is fatal, if the weight of the final lead button 
is to be anywhere near the amount desired or calculated for. 

In our regular ore fusion the soda is either the same amount 
a5 the ore or twice the amount, and for this reason these propor- 
tions are maintained in the preliminary fusion. 

Silicious ore carrying FeSj. Sulphur = 31.34%. Through 160 sieve. 

No. of Fusion i 2 3 4 5 6 7 8 9 

Ore, grammes 5 5 5 5 5 5 5 5 5 

Sodium carbonate, grammes. . — — — — — 5 20 5 40 

Litharge, * . . 100 150 200 250 400 100 100 200 100 

Borax, ".. — — — — — — 5 — — 

Glass, "..— —— — — — 5 — — 

SiHca, " .. — 

Cover of salt in each case. 

Lead, grammes 25 26 27 28 39 35 38 39 39 

R.P 5 5-2 5-4 5-6 7-8 7 7-6 7-8 7-8 

The R.P. of this ore is evidently 7.8, and the fusions show that 
a certain amount of carbonate of soda is equal to so much Utharge. 

Let us see if it can be determined what reactions have taken 
place in the foregoing fusions (i to 9) or when FeSj and PbO 
are brought in contact. 

In Mitchell's Assaying we find that FeSz requires 50 parts 
of litharge to completely decompose it, any more than that hav- 
ing no effect upon the size of the lead button. Fusion 5 seems 
to require 80 parts, and this ore is not pure FeS^. 

1. FeS2+5PbO = FeQ+2S02+5Pb, that is, 2S = 5Pb or one 
of FeSg will reduce 8.62 lead. 

2. 3FeS2+i6PbO=FeO+Fe203+6S02+i6Pb. Here FeSj re- 
duces 9.2 lead, or 6S = i6Pb. 

3. 2FeS2+iiPbO = Fe203+4S02+riPb. Here FeSg reduces 
9.48 lead, or 48 = iiPb. 
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The ore carried 31.34 per cent sulphur; therefore for 5 
grammes of ore in reaction No. i we should have 

8.62X5X31.34 ^^^ 

: 53.33 ^^'^' 

or 

5X.3i34X5Pb 

which is the amount of lead reduced in fusion No. i. 

'- — =27, or the amount reduced in fusion x. 

53.33 ' ^ 

9.48X5X31-34 ,, . ^ A' ^ ' 

=27.0, or the amoimt reduced m fusion 4. 

53.33 ' ^ 

The question now arises how the 39 granmies of lead reduced 
in some of the other fusions can be accounted for. In order to 
obtain this amount of lead from reaction No. 3, the ore would 
have to contain 44.8 per cent of sulphur. The large buttons of 
lead must therefore be due to something else, and the carbonate 
of soda must be responsible for it, for a large amount of soda 
apparently takes the place of a certain amount of litharge. 

An explanation seems to be that the SOj formed in the re- 
actions given is further oxidized to SO3 or forms Na2S04, which 
is confirmed by finding sulphates in the slag. 

NajCOg breaks up by heat into NajO+COj. 
.-. Na20+S02+PbO = Na2S04+Pb, 

or Na2C03+ SO^ + PbO =Na2S04 -hPb+ CO^. 

In this equation i S = i Pb = i NajCOg. If the NajCOg is 

Pb 207 
completely changed, we shall have ^ p^ = — 7 = i .95 grammes of 

lead, and 5 grammes of soda will give 9.75 of lead. Comparing 
fusion I with 6, and 3 with 8, we see that the lead buttons, in 
the fusions where soda is used, are larger by practically this • 
amount. 

It is very evident from these experiments that if the ratio of 
the soda to the ore is one to one in the prehminary fusion, it must 
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be one to one in the regular fusion, otherwise the resulting lead 
button will be quite diiGFerent from what is expected. 
The following fusion also shows how SO3 is formed. 

(PbS carrying about 84% lead) : 

Ore I A.T. 

Bicarb, of soda 40 grammes 

Borax 15 " 

Litharge 150 " 

Cover of salt. 

A 35-minute fusion gave a lead button weighing 97 grammes. 

If the reaction PbS+3PbO = S03+4Pb takes place and the 
ore carries 84 per cent lead, then we should expect to obtain 
97 grammes of lead, because by this reaction i gramme of PbS 
reduces 3.46 grammes of lead and 28.28 (PbS in ore) X 3.46 = 97.8. 
On the other hand, if SO2 was formed (2PbO+PbS = S02+3Pb), 
only a 73.2-gramLme lead button would be obtained. 

The following are some other tables showing the effect of soda: 

Ore 19 19. Through 140. ZnS with very little gangue. 

No. of Fusion. . 229 230 109 110 108 

Ore, grammes 3 3 3 3 3 

Bicarb, soda, " o 3 6 9 3 

Litharge, " 60 60 60 60 100 

Cover of salt in each case. 

Time, minutes is 15 15 iS ^5 

Temperature, degrees C 1345 1330 'i?© 1265 1145 

Lead, grammes 18.34 21.2 24 24.92 22.03 

R.P 6. II 7.07 8 8.31 7.34 

No. 229 gives too low a result, because no soda is used. 

No. 230 " ** '* ** " " with an ore having as high a R.P. as 

this ore, if the soda is the same as the ore, the ratio of Utharge to ore should be 
40 or 50 to I, whereas the ratio used is only 20 to i. 

Comparing fusions 108 and 109 it is seen that 3 grammes 
or soda takes the place of more than 40 grammes of litharge. 

The limit of soda is apparently twice the ore, for the slight 
diflFerence in the lead buttons in Nos. 109 and no may be 
accounted for by the difference in temperature. 

Fusion 146, on page 72, fixes both the amount of soda and 
litharge to use for that particular ore. 
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Ore D. Mostly galena, a little pyrite, and slight amount of gangue, i.e., 
medium amoimt of sulphides. 

No. of Fusion. . i8a 183 184 185 186 

Ore, grammes 5 5 5 5 5 

Bicarb, soda, " o 5 8 10 15 

Litharge, " 60 60 60 60 60 

Cover of salt in each case. 

Time, minutes 10 10 11 11 10 

Temperature, degrees C 1225 1280 1290 1265 1250 

Lead, grammes 14.82 20.68 20.66 20.80 21.20 

R-P 2.96 4.14 4.13 4.16 4.25 

This ore has a much lower R.P. than the previous ones, 
and we find that the same amount of soda as ore gives prac- 
tically the same value as when three times the amount of soda 
is used. Where soda is omitted the R.P., as usual, is too low. 
Owing to the medium amount of sulphides and the fact that they 
are mostly galena, 60 grammes of PbO are sufficient for 5 grammes 
of ore when 5 of soda are used. 

Ore 900. Silicious ore carrying pyrite and a little galena. Small amount 
of sulphides. 

No. of Fusion. . 208 174 209 17s 

Ore, grammes 5 5 5 5 

Bicarb, soda, '* o 5 8 10 

Litharge, " 60 60 60 60 

Cover, of salt in each case. 

Time, minutes 11 10 10 10 

Temperature, degrees C 1320 1280 11 60 1305 

Lead, grammes 8.82 12.98 13.06 13.08 

R.P 1.76 2.60 2.61 2.62 

This ore has a still lower R.P.; soda is still necessary, but 
here a smaller amount than 5 grammes would no doubt do for 
5 grammes of ore. 

Ore 262. Very small amount of sulphides. 

No. of Fusion. . 197 198 199 aoo 136 

Ore, grammes 10 10 10 10 10 

Bicarb, soda, " o 5 ' 10 15 10 

Litharge, " 60 60 60 60 115 

Cover of salt in each case. 

Time, minutes 10 10 10 10 20 

Temperature, degrees C 1280 1400 1385 1370 1280 

Lead, grammes 4.58 5.46 5.40 5.51 6.02 

R.P 46 .55 .54 .55 -60 
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Owing to the few sulphides in this ore we are obliged to use 
10. grammes, and we find an instance of where nearly the cor- 
rect R. P. can be obtained simply with litharge. This is only 
possible owing to the very large ratio that the htharge bears to 
the sulphides. 

The foregoing tables show that when the R.P. of an ore is 
to be determined the proportions of soda and htharge to ore, 
as suggested on pages 84 and 85, should be used. 

Similar experiments with borax and borax glass show that 
its effect is, in some cases, to diminish the size of the lead but- 
ton, and in others to increase it. On ores carrying galena, and 
on some others, the addition of borax up to a certain amount 
increases the size of the lead button. 

I prefer not to use it in the preliminary fusion. 

Ore D. See page 90. 

Ore, grammes 5 5 5 5 5 

Borax, " o 3 6 9 12 

Litharge, " 60 60 60 60 60 

Cover of salt in each case. 

Time, minutes 10 10 10 10 10 

Temperature, deg. C 1225 1490 1320 1330 1320 

Lead, grammes 14.82 15.06 15. 11 16.67 16.96 

Galena, carrying 84% Pb. 

Ore, grammes 5 5 . 5 5 

Borax, " — . 6 9 12 

Litharge, ** 60 60 60 60 

Cover of salt in each case. 

Lead, grammes 1314 i3-5i 1483 14-47 

The reaction, PbS+2PbO = S02+Pb, evidently has some- 
thing to do with this, or else the borax is broken up into Na20+ 
2B2O3 and the NagO acts as explained in the case of sodium 
carbonate. 

(e) Effect of Temperature, — ks has been pointed out on page 76, 
the size of the lead button is influenced by the temperature. 
The experiments of Messrs. Brown and Reed seem to indicate 
that when two similar charges, containing no soda, are fused at 
different temperatures, the one having the higher temperature 
will give the larger lead button. 

When soda is present, however, an increase of temperature 
diminishes the size of the lead button. 
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Pyrite. Arsenopyrite. 



Argols. ... 3 3 Charcoal, i i Ore 3 3 3 3 

Litharge . . 60 60 60 60 Soda 3 3 6 6 

Glass 10 10 10 10 Litharge.. 100 100 50 50 

Cover of salt in every case. 

Time, min. 15 13 15 15 15 25 15 17 

Temp., °C. 935 1155 935 1155 loio 1120 980 1305 

Lead 28.51 29.84 26.49 27.57 22.14 19.00 22.2 21.50 

The effect of SiOj, as shown on page 86, is always to diminish 
the size of the button in the preliminary fusion. This is due to 
its combining with the litharge, leaving just so much less litharge 
free. Its effect is not so marked when soda is present, for some 
silicate of soda is formed. 

The following experiments show what effect sulphides have 
•on lead silicates. A singulo silicate 2PbO,Si02 was made by 
fusing 296 grammes of PbO with 40 grammes of SiOj. The 
resulting silicate was pulverized and used in the following fusions. 
(Pot-furnace, D crucibles.) 

ZnS (R.P.-8.31). FeS2(R.P. = 7.8). . PbS. • 

Ore, grammes.. 2^ 2 J 2\ 2J 

Lead silicate, " . . 50 50 50 50 

Bicarbonate of soda, *' .. 10 10 — 2} 

Cover of salt in each case. 

Time of fusion, minutes 17 15 12 15 

Temperature, degrees C 1340 1195 141 5 1290 

Lead, grammes 18.97 17.68 3.67 6.89 

Matte, " None None None None 

Per cent of the total lead that the 

ore could reduce 91 -4 90- 7 

A trisilicate of lead (2PbO,3Si02) was then made by fusing 
398 grammes of PbO with 80 grammes of SiOj, pulverized and 
used in the following fusions. (Pot-furnace, D crucible.) 

ZnS (R.P. = 8.31). FeS2(R.P.«7.8) PbS. 

Ore, grammes 2 J 2 J 2 J 

Lead trisilicate, " 50 50 50 

Sodium bicarbonate, " 2\ 2§ 2} 

Cover of salt in each case. 

Time of fusion, minutes 12 12 13 

Temperature, degrees C 1195 1280 1370 

Lead, grammes 1.51 None i .82 

Katte, " 4-45 ^-^o -i' 
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These results show that sulphides will almost wholly decom- 
pose a singulo-lead silicate, and soda materially aids the reduction. 
A trisilicate is not decomposed, and it is assumed from this that 
silicates of lead higher in sDica than the trisilicate are not decom- 
posed. 

This explains why the use of two much siUca in a charge 
results in a matte (Ore 605, page 86), the incomplete decomposi- 
tion of the ore, or both, for the sulphides are unable to decompose 
the higher lead silicates with a reduction of lead, and there is not 
sufficient PbO left in the charge to decompose the sulphides. 

For experiments upon the addition of SiOj to the regular 
assay of ores, see page 96. 

Class n. Regular Fusion. (Pot-furnace.) Conduct the 
fusions as described under Class I, using especial care where 
much nitre is present in the charge. The amount of PbO, nitre, 
and argols to be used in the regular fusions will have to be calcu- 
lated in the case of each and every ore. For the R.P. of argols 
take the value you find in Testing for Reducing Power, page 73. 

The following will serve as examples. 

No. 1. No. 2. No. ^a, (FeSp + PbS + SiOa.) 

Suppose the preliminary fusion on 5 5 3 grammes ore 

gave a lead button weighing 4.5 9 12 grammes 

Then the reducing power= 9 1.8 4 

Make up the charges as follows, using an E or F crucible: 

Charge No. i. No. 2. No. za. No. 3&. 

Ore (SiOj and FeS^) i A.T. } A.T. i A.T. JA.T. 

Sodium bicarbonate 15 gm. 15 15 or 18 

Borax 5 " 5 5 5 

Litharge 60 " 75 100 60 

Argols (each gm. reduces 8 gm. of Pb). . . ij " — — — 

Nitre (KNO,) — — 7 7 

Iron — — — — 

Glass — 5 10 — 

or Silica (Si02) — o 3 — 

Cover of salt in each case. 

In these examples of sulphide ores the object is to decompose 
the ore and to obtain a lead button weighing between 25 and 30 
grammes. 

The soda is kept low in each case, and a little borax is used 
on account of the metallic oxides formed. 
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Charge No. i. — ^The ore itself will reduce 13. i grammes of 
lead; we desire a button weighing between 25 and 30 grammes; 
therefore i^ grammes of argols (R.P. = 8) are added to the charge. 
The litharge is 60, because the soda is low. 

Charge No. 2. — ^The ore itself will reduce 26.2 grammes of 
lead, so no reducing agent is necessary. 

Charge No. 3a. — ^The ore will reduce 14.58X4 = 58.3 grammes 

of lead; the button desired is, say, 28; lead to be oxidized, 30.3. 

One gramme of nitre oxidizes 4.3 grammes of lead or its equiva- 

30.3 
lent in sulphides (see page 71); therefore = 7 grammes of 

nitre are necessary. 

In Charges 2 and 3a the litharge is above 30 grammes, because 
we need an excess above that called for by the reducing power of 
the ore. For instance, in 3a, ^ A.T. of ore will reduce 58.3 
grammes of lead, and this may be obtained from 62.8 grammes 
of PbO (PbiPbO 1:58.3 :x). If we used this amount of PbO, 
we might obtain a matte (PbS) due to some of the litharge com- 
bining with the SiOa and the gangue in the ore, which would 
leave insufficient PbO to decompose the ore. 

If nitre is in the charge a matte is less liable to form when just 
the calculated amount of litharge is used and no nitre is present; 
still it does form at times, and is liable to give low silver and 
gold values; so it is deemed advisable to use from 15% to 25% 
of litharge above what the R.P. of the ore calls for. 

The following ore will serve as an example of one giving low 
results. 



Ore 1530. Arsenopyrite and 


pyrite(R.P.= 


-7) 








Number of Fxision. 


z 


2 




3 


4 


5 


Ore 


i A.T. 


iA.T. 




i A.T. 


i A.T. 


iA.T. 


Bicarb, soda, grammes. 


IS 


15 




15 


15 


15 


Borax, 


8 


8 




8 


8 


8 


Litharge, " 


88 


99 




no 


121 


132 


Nitre, 


18J 


i8i 




i8i 


i8i 


18J 


Glass, 


9 


10 




12 


13 


15 






Cover of salt in each case. 






Gold, grammes 


.00150 


.00152 




.00155 


.00156 


.00157 


Ounces 


3 


3-04 




3.10 


3-12 


3.14 



The R.P. of the ore being 7, i A.T. calls for 109 grammes of 
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litharge; therefore we find that the amount of litharge used was, 
as follows: 



20% 


10% 


Calcu- 


10% 


20% in 


less than 


less than 


lated 


in excess 


excess 


le required 


the required 


amount 






amount 


amount 









The nitre in these fusions not only oxidizes the sulphides, 
but also the lead, as it is thrown down in a fine condition, prob- 
ably in this way: 

2KN03=K20+N205; 
N20,= 2NO+03; 
30+3Pb=3PbO. 

Charge jb is made up by decreasing the litharge and increas- 
ing the soda, i.e., a certain amount of soda takes the place of 
litharge in decomposing the ore. No doubt there is some definite 
ratio between them, so that when the soda is increased the Utharge 
can be decreased. Whether this ratio will apply to every sul- 
phide ore is a question. 

In using this method care must be taken that the soda is kept 
sufficiently high and that sufficient litharge is used, for otherwise 
the lead buttons will be too small or a matte may result. 

It seems advisable to use not less soda than ore in any fusion, 
nor less litharge than 70 or 80 grammes for J A.T. of ore when 
the R:P. is 4 or over. 

If an ore carries a very small amoutU of sulphides and has a 
reducing power of, say, .2, do not make up a charge as follows: 






Ore J A.T. 

Sodium bicarbonate 30 grammes 

Borax 5 " 

Litharge 30 " 

[Argols(R.P. = io) 3 

Cover of salt. 



This is incorrect, for the reason that the argols may reduce 
all the lead from the litharge before the sulphides in the ore are 
decomposed by the PbO. Whether the ore carries a small or a 
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large amount of sulphides, unless iron is present^ some excess of 
PbO must be left in the fusion to make sure that all sulphides 
are decomposed. 

The following charge would be correct and the reducing power 
would not have to be determined: i 

I 



1^ " 



Ore i A.T. 

Sodium bicarbonate 30 grammes 

Borax 5 " 

Litharge 40 " 

Argols (each gm. reduces 10 gm. of Pb) 2 " 

Cover of salt. 



Addition of SiOj to a Fusion. — ^It has been shown on page 86 
that the addition of too much SiOj to a charge will result in a 
small lead button and an incorrect R.P. 

If too much is added to a regular fusion, the lead button will 
be too small or smaller than that calculated for, and the ore may 
not be wholly decomposed. 

^Tien the R.P. of an ore is low it necessarily follows that the 
sulphides must be small and the gangue consequently large. 
Examples Nos. i and 2, given on page 93, are of this character, 
and as 60 and 75 grammes of htharge are used respectively, no 
SiOj is added, because the ore has sufficient gangue to prevent 
the PbO cutting into the crucibles. In example 3a the ore has a 
R.P. of 4; therefore the gangue is not large, and as 100 grammes 
of PbO are used, 3 grammes of SiOj are added. 

When the PbO is high a larger amount of SiOj is necessary 
than when the PbO is low; then, again, the character of some ores 
admits the addition of a much larger amount of SiOj to a given 
quantity of PbO than another ore when the same amount of 
PbO is used. 

The amount of soda in the fusion also has an important bear- 
ing upon the question. 

Just how much SiOj to add is an important question, and 
the following experiments were carried out by Messrs. Brown 
and Reed to see whether some definite rule could be established: 
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Ore 900. R.P. = 2.6, page 90. 

No. of Pttsion. 180 x8i 234 350 251 asa 

Ore, grammes i A.T, J A.T. J A.T. J A.T. i A.T. J A.T. 

Bicarb, soda, " 15 30 15 15 15 15 

Litharge, " 75 50 60 60 60 60 

Nitre, " 3 3 2j 2 J 2i 2i 

Silica, " — — — 4 8 16 

Cover of salt in each case. 

Time of fusion, minutes. .. . 25 25 20 20 21 22 

Temperature, deg. C 1360 1305 1305 12 10 1280 1330 

Lead, grammes 22.97 23.7 24.6 22.7 19.9 12.6 

The lead button from No. 250 is smaller than that from No. 
234, showing the effect of 4 grammes SiOj. In 251 there was 
some matte. 

On panning this ore, the gangue in ^ A.T. was found to be 
10.3 granunes; if we add this amount of gangue to the SiOg added 
and compare it with the soda we find the ratio as follows: 

No. 250 1 soda : .98 silica 

251 I " : 1.22 " 

252 1 " :1.7s " 

Ore, No. 231. Mostly p)rrite. R.P. — 4. Gangue, 8.1 grammes in 1/2 A.T. 

No. of Fusion 253 243 ^43 244 245 

Ore i A.T. } A.T. i A.T. J A.T. i A.T 

Bicarb, soda, granmies 15 15 15 15 15 

Litharge, " 62 62 62 62 62 

Nitre, " 8 8 8 8 8 

Silica, " o 6 12 18 20 

Cover of salt. 

Time, minutes 20 20 20 20 20 

Temperature, degrees C 1345 1330 1200 1320 1280 

Lead, grammes 22.5 20.6 14. i 9.8 8.3 

Fusion No. 242 gave a very little matte besides the lead. 

Fusions, Nos. 243, 244, and 245 gave a steadily increasing 
quantity of matte. 

Ratio of soda to SiOz added+ gangue in ore= i to .96 in 242. 
" " " " " " + '' '' " = I to 1.37 in 243. 

62 granunes of litharge were used, because this is the exact 
amount which should decompose the ore if the R.P. is 4 and the 
other fluxes had no influence. 

If we look back to page 65, we find that the ratio of SiOj to 
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scxia could not be over 1.7 to i or the fusions would be thick 
when silica, soda, and litharge were fused together, and in these 
fusions 60 grammes of PbO were free to combine with the SiOg and 
make the fusions liquid, no ore being present. On page 63 
fusions show that when soda and silica are fused together the ratio 
should be 2 to I. 

Judging from the last two tables, when J A.T. of ore, 15 
grammes soda and 60 grammes litharge are used, the ratio of 
silica (gangue in ore and silica added) to soda should not be over 
I to I. 

This certainly seems a safe ratio for most ores. 

In order to apply this, pan some of the ore and make an esti- 
mate of the amount of gangue in it. One will find that after a 
short time a very close estimate can be made, then judge the 
amount of SiOj to add, taking also into consideration the character 
of the sulphides and the amount of litharge used. Some ores on 
the Dther hand require an unusual amount of SiOg to be added. 



Ore 19 19 through 140. ZnS with practically no gangue. In this instance the 
silica combines with the zinc, forming zinc silicate. 



No. of Fusion . . . 


125 


225 


226 


241 


126 


227 


228 


24s 


236 


246 


237 


Ore. A.T 

Bicarb, soda, grammes 

Litharge, ** 

Borax, ** 

Nitre. " 

Silica, " 


h 
15 
150 
IS 
22 
4 


IS 
ISO 


22 

8 


15 
ISO 

22 
12 


h 
IS 
ISO 


22 
14 


20 
no 


22 
2 


20 

no 

22 

4 


h 
20 
no 


22 

8 


20 

no 

6 

22 

8 


h 
20 
no 


22 
14 


20 
no 


22 
30 


30 
70 


22 





Cover of salt in all fusions. 



Time minutes 

Temperature, degrees C. 
Lead, grammes 



30 

1185 

35.80 



5S 
1385 
26.4 



33 
1305 
28.1 



35 
130S 
27.6 



30 
1370 
24.9 



35 
1 30s 
26.4 



32 
[360 
28 



35 
34.30 



35 
1305 
28. S 



35 
1320 
24 5 



All these fusions were perfectly liquid and there was no sign 
of a matte. Attention is called to the increase in size of the lead 
buttons when borax is used on this ore (fusions 125 and 245). 

It is seen from these fusions that, if the working reducing 
power of an ore is obtained correctly, and the fluxes in the regular 
fusion used in the proper ratio, the resulting lead button will 
come out almost exactly as calculated. 

The following show how close they often come: 



IS 


IS 


IS 


o 





7 


65 


6S 


65 


9 


9 


9 


4 


7 


7 


Cover of salt 


in each case. 




20 


20 


20 


26.5 


26.9 


26.1 
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Ore i A.T. \ A.T. J A.T. J A.T. 

Bicarb, soda, grammes 15 

Borax, " o 

^Litharge, " 65 

Nitre, " 9 

SiOg, " 2 

Time, minutes 20 

Liead, grammes 26. i 

Class II. Iron Method. (See also page 117.) — In this method 
the NaHCOg or NajCOg must be two or more times the ore used. 

Litharge must not be over 30 grammes. 

An excess of iron must be present. 

The fusion is conducted as described under Class I. 

This, in my experience, has proved a most excellent method 
on ores which do not contain arsenic, antimony, or copper. It 
saves a preliminary fusion, and a lead button of the proper size 
for cupelling can always be obtained. 

With ores containing antimony or copper a large amount of 
litharge is necessary, in order to oxidize these impurities and 
either volatilize or slag them; for this reason the iron method, 
in which only a small amount of litharge can be used, is not 
recommended. 

With arsenical ores special precautions have to be taken. 
The ore under example 3a (page 93), which has a R.P. of 4, 
may be also assayed with the following charge. 



Ore i A.T. (FeS^+PbS+SiO^.) 

Bicarb, soda. . 30 grammes {always twice the ore at least) 

Borax 8 " 

Litharge 30 " 

Argols none 

Nitre none 

Silica 2 grammes 

or Glass .... 10 " 
Nails (twentypenny) 3, point down, each of which weighs about 

17 grammes. 
Cover of salt. 



2 

•I— I 
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In this method an ore, like the one just given, is decomposed 
partly by the litharge and partly by the iron as follows: 

FeS2+ 5PbO = 5Pb+ 2SO2+ FeO ; 
FeS2+Fe = 2FeS; 
•PbS+Fe = FeS+Pb, 
PbS+2PbO = 3Pb+S03. 

We also have the iron acting on the litharge and lead silicates 
that may be formed or that are present in the fusion: 

PbO+Fe = FeO+Pb; 
2PbO,Si02+ 2Fe = 2FeO,Si02+ 2Pb. 

The ore will be perfectly decomposed and the resulting lead 
button will weigh between 25 and 28 grammes, provided the 
ore contains no lead minerals. Practically all the lead com- 
pounds in the fusion will be reduced to metallic lead, and it is 
owing to this fact that the litharge must not be over 30 grammes, 
if we wish to avoid scorifying the resulting button. If an ore 
carries, for instance, 50 per cent of lead in the form of galena, 
then the charge will be made up in exactly the same way, ex- 
cepting that there will be 20 grammes of litharge used instead 
of 30. 

The resulting button from this fusion will weigh about 25 
grammes, 18 grammes coming from the Utharge and 7 from the 
galena in the ore. 

Students always ask the question, "When is iron necessary 
in a fusion?" The answer is, when 30 grammes of litharge will 
not decompose the ore taken and leave some litharge in excess. 

For instance, take the two following ores: 



W 

OreCFeSj) i A.T. (R.P. = 2i) 

Bicarb, soda 30 grammes 

Borax 8 " 

Litharge 30 ' * 

Argols none 

Iron nails (2openny) 3 

Cover of salt. 
Lead button 27 



(/) 

Ore (FeSg) \ A.T. (R.P. = li) 

Bicarb, soda. 30 grammes 

Borax 8 

Litharge 30 * * 

Argols none 

Iron none 

Cover of salt. 

Lead button 22 
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In {e) 30 grammes of litharge will not decompose the ore and 
leave any excess, so we put in iron. If we leave out the iron, 
a lead button and a lead matte will be the result. 

In (/) 30 grammes of litharge will decompose the ore and 
leave a little litharge in excess, so we need no iron. 

If an ore is just on the line, as one might say, for instance, 
if it has a R.P. of 2 and carries no lead, then either of the following 
charges would be correct: 



Ore J A.T. (R.P. = 2) 

Bicarb, soda 30 grammes 

Borax 8 

Litharge 30 ** 

Argols none 

Iron nails(2openny).. 3 ** 

Cover of salt. 

X.ead button 27 



Ore i A.T. (R.P. = 2) 

Bicarb, soda 30 grammes 

Borax 8 

Litharge 40 to 50 * * 

Argols none 

Iron none 

Cover of salt. 

Lead button 29 



If, in the last four examples given, i A.T. of ore was taken 
instead of \ A.T., then iron would be necessary in all four cases, 
the soda would have to be 60 and the litharge 30 grammes. 
If we took I A.T. of a galena ore, carrying 50 per cent of lead, 
the soda would be 60 and the litharge 15 grammes. 

Many assay ers object to the use of iron, claiming that it is 
liable to form a matte with consequent inaccurate results. A 
matte will never be formed if an excess of alkali flux is used, 
for any iron matte formed will dissolve in the alkaline slag. 
The following experiments show what takes place in two fusions, 
wherein there is a sufficiency of alkaUne flux in one case and 
an insufficiency in the other. 

The ore in each case consisted largely of FeSj and contained 
39.56 per cent of sulphur. The reducing power was about 8. 
Each charge was fused 40 minutes. . 



Ore I A.T. 

Bicarb, soda 30 gm. 

C.P. litharge 30 " 

Glass 15 ** 

Iron nails (2openny) ... 4 * * 

Borax glass cover 10 * * 



•Mix. 



Ore i A.T. 

Bicarb, soda 30 gm. 

C.P. litharge 30 *' 

. Glass 15 *' 

Iron nails (2openny) . . 4 '* 

Borax glass cover 10 ** 
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The following results were obtained: 



Slag 60 grammes 

Matte (FeS, a little PbS 

and alkaline sulphide).. 23 J ** 

Lead 24J * * 

Crucible and iron and flux 

before fusion 685 * * 

after fusion 665 * * 



Loss 20 

Iron nails before fusion. . . 64 

* ' ' * after fusion. ... 43 

Loss of iron 21 



Slag \ 65 grammes 

Matte none 

Lead 26^ " 

Crucible and iron and flux 

before fusion 662 * * 

after fusion 642 ** 

Loss 20 * * 

Iron nails before fusion. . . 63 * ' 

" '* after fusion 49 *' 

Loss of iron 14 ** 



The reason no matte was obtained in {y) was owing to the 
ratio of the soda to the ore taken. 

If the soda in {x) was increased to 60 grammes, no matte 
would be obtained. The slag from {x) contained 6.73 per cent 
of sulphur, practically all as sulphide; that from (y) contained 
7.63 per cent of sulphur, practically all as sulphide. When 
the slag was treated with HCl, in both cases it gave oflf HgS 
strongly. A large percentage was soluble in water. In fusion 
{x) about 8 per cent and in fusion {y) about 14 per cent of the 
sulphur disappeared, probably as SOj; the remainder was 
undoubtedly combined with the iron as sulphide of iron and as 
a double sulphide of iron and soda, which was held in solution 
by the large excess of the alkali flux used. Some of this double 
sulphide of the iron and alkali was in the matte in fusion (^), 
for on standing some months this matte fell to pieces. 

If arsenic had been present in this ore, an iron speiss would 
have resulted from both fusions, with the charges given, unless 
great care had been taken with the temperature at which the 
fusions were conducted. This question is taken up under the 
assay of ores for gold. 

It will be noticed, in all the fusions so far given, that iron 
and nitre are never used in the same charge; in other words, if 
the R.P. of an ore is determined, the charge is made up as 
described on page 93. If this preliminary fusion is not made 
and the iron method is used, then the nitre is left out. 

This raises the question of whether iron and nitre can or 
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should be used in the same fusion. In the rush of a busy assay 
oflSce there is not time to determine the reducing power of each 
sulphide ore, so in the case of ores where arsenic is present or 
suspected an assayer will use both iron and nitre in the same 
fusion. Personally I do not believe in this. An assayer in 
the West writes me: "On heavy iron concentrates, analyzing 
about 40% sulphur, 36% iron, and 10% SiOj, with small amounts 
of arsenic, antimony, zinc, and lead, I use the following: 



Ore i A.T. 

Litharge 30 grammes 

Silica! 3 

Nitre 4 

Flour 2i * * [ Sodium bicarbonate. ... i part 

lo-gm. crucible, about } full of a mixed flux. •< Potassium carbonate. . . i " 

' Borax glass 2 parts 

Four tenpenny nails and a cover of flux. 



For lighter sulphides the nitre is cut down, still using enough 
flour for a reducing agent." 

Whether an iron speiss will result from a fusion like the 
above depends upon: 

I St. The percentage of arsenic in the ore. 

2d. The temperature at which the fusion is conducted. 

3d. The amount of alkali, i.e., soda or potash, in the charge. 

If very Uttle arsenic is present in the ore, no speiss may 
result, even with so small an amount of nitre as 4 grammes; 
but if an ore is highly arsenical, a speiss will be very liable to 
form. 

For the use of iron with arsenical ores and experiments thereon, 
see Assay of Ores for Gold, pages 121 and 123. 

The great advantage of the iron method is that we are always 
sure of obtaining a lead button of the proper size for cupellation 
and nitre is not used in the fusion. This appears to be a very 
strong point in its favor, especially in the assay of ores for silver, 
for I am confident that in the case of certain ores the use of much 
nitre in the fusion is the cause of low results. 

The following fusions will illustrate my meaning. 
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Ore was galena and blende with a R.P. of 7. 



Ore J A.T. 

Bicarbonate of soda 15 grammes 

Litharge 140 * * 

Nitre 20 *' 

Borax 10 " 

SiOa 6 

Cover of salt. 
Silver and gold 63.2 oz. 



Ore J A.T. 

Bicarbonate of soda 30 grammes 

Litharge 25 * * 

Borax 10 * ' 

SiO^ 3 '' 

Iron nails (2openny) 4 ** 

Cover of salt. 

Silver and gold 67.1 oz. 



In any case, whether in assaying ores for silver or for gold 
or for both, if the ores contain sulphurets we must either have 
an excess of iron present or an excess of an oxidizing agent, 
for otherwise the silver and gold may remain in the slag as a 
double sulphide of the metal to be determined and the alkali 
used as a flux. 

Large amounts of alkali or carbonate tend to carry sulphur 
and arsenic into the slag, and they will remain there in com- 
bination with the alkali or carbonate if the heat is kept low. 
If the heat is high, they will tend to be removed, especially if 
iron is present in the fusion. (See fusions on page 122.) 

Class II. Fusion in the Muffle. — With ores of this class the 
fusions can, in many cases, be made in the muffle, but it must 
be borne in mind that, owing to the use of nitre in one method 
and the use of high soda in the method in which iron is used, the 
fusions are very liable to boil over. 

In the case of certain sulphide ores, as in the case of certain 
oxide ores of Class I, it is very difficult to obtain sufficient heat 
in a muffle-furnace, fired by coke, to make a good fusion and 
have the slag free from lead. The same fusion carried on in a 
pot-furnace, heated by coke, gives perfectly satisfactory results, 
so it must be only a question as to temperature. 

Ore 255. Pyrite and a very little chalcopyrite and galena in a quartz gangue. 



R.P. = 2.7. 

No. I. No. 2. 

Ore i A.T. i A.T. 

Sodium bicarbonate 10 grammes 10 grammes 

Borax glass 8 * * 8 * * 

Litharge 100 * * 100 ' * 

Nitre 2 '* 2 ** 

Glass 10 '' 10 

^ Cover of salt. Cover of salt. 



a 
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Fusion No. i was made in the muffle at its highest tempera- 
ture, and it was very hot, for 40 minutes. The resulting lead 
button, weighing 27 grammes, dropped away from the slag, show- 
ing that the fusion had been too long. The button was brittle 
on top, indicating a little matte and the slag had some lead in it. 

Fusion No. 2 was for 40 minutes in a pot-furnace and every- 
thing was satisfactory. The lead button weighed 25 grammes, 
was soft and malleable, and no matte was present. The slag was 
perfectly free from lead. 

Effect of Temperature. 

A. B. C. 

Ore i A.T. i A.T. i A.T. 

Bicarb, soda. ... 10 grammes 10 grammes 10 grammes 

Borax glass 10 ** 10 ** 10 ** 

Litharge 100 '* 100 ** 100 *' 

Nitre 11. 8 '' 11. 8 ** 11. 8 ** 

Silica 2 " 2 *' 2 ** 

Salt cover cover cover 

Fusion 50 min. 50 min. 50 min. 

Lead 19.2 grammes 22.9 grammes 26.4 grammes 

A was in the front part of the muffle and the coolest. 

B '* '' '* middle'* " " " " hotter than A. 

C " '* " back " •' '* " " the hottest. 

Size of Lead •Buttons. — In all the crucible work it has been 
advised to have the resulting lead button weigh between 25 and 
30 grammes. The reason for this is that a button of this size is 
more hkely to collect all the precious metals than a button of a 
smaller size. I do not mean by this that small buttons or buttons 
up to 18 grammes may not collect all the silver and gold, for they 
can and do in most cases. But in many cases they do not, and 
the following will serve as examples. In all these fusions every 
endeavor was made to keep everything connected with the differ- 
ent fusions as nearly identical as possible except the size of the 
lead button. 

Ore carr>'ing AgCl. (R.P.= 1.3.) 

Lead button, grammes 3 7 21 31 

Silver and gold, ounces "SS-^ 1217.6 1247.8 1254.2 

Two assays on an ore as rich as this may perhaps vary the 
amount the last two assays disagree: 
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Ore No. 144. 

Lead button, grammes 8J iij 23 30 

Silver and gold, ounces 38.79 42.7 53*62 55.7 

Ore No. 207. (R.P. = ii.) 

Lead button, grammes 8 ;6 19 28 

Gold, ounces i.i 1.37 i^ . 1.51 

Ore No. no. (R.P. less than i.) 

Lead button, grammes 9 13 25 

Silver and gold, ounces i.i 1.7 1.8 

The loss in cupelling lead buttons weighing from 25 to 30 
grammes is no doubt slightly larger than in cupelling those weigh- 
ing from 15 to 20, but the loss is nothing Uke the difference 
shown in the foregoing examples by having the lead buttons of 
insufficient size to collect all the precious metals in a fusion. 

It will generally be observed that when especially nice work 
is being carried on, the lead buttons will weigh as recommended. 

Dusting of Ores. — Certain ores, when commencing to fuse 
in a crucible and sometimes even before, have a tendency to dust. 
This can be easily seen by noticing the salt cover as well as the 
rim and cover of the crucible, which will be covered with a fine 
powder. Serious losses may occur in this way, and in the case 
of certain ores it is very difficult to account for the phenomena. 

The following precautions may in many instS,nces prevent it: 

1. After having placed the crucible in the fire, on no account 
touch or disturb it until the contents have fused or sintered. 

2. Placing a heavy cover of borax glass on top of charge. 

3. Making a very quick fusion. 

SPECIAL METHODS. 

Silver in Copper Ores. Crucible Fusion. — Ores carrying up 
to 25 or 30 per cent copper can be assayed satisfactorily by the 
crucible method. If the percentage is above this and as much 
as ^ A.T. of ore is taken, it is difficult to prevent so much copper 
going into the lead button that a scorification of the button is 
unavoidable. 

To test an ore for copper, boil a little of it in HNO3 or aqua 
regia, cool, and make strongly alkaline with ammonia. Hydrate 
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of copper, insoluble in the excess of ammonia, gives a blue solu- 
tion. 

The following fusions made on an ore carrying 12^ per cent 
of copper and consisting of pyrite, pyrrhotite, and chalcopyrite, 
with a R.P. of 5^, will show the method to follow: 

Pot-furnace, G crucible. 



Ore i A.T. 

Sodium bicarbonate. 20 grammes 

Borax glass 10 " 

Litharge 150 * * 

Nitre 13 '* 

Silica 6 * * 

Cover of salt. 
Fusion 50 minutes 

Lead (from both fu- 
sions cupelled di- 
rectly) 23 grammes 



Ag 2.42 ounces 

Au 26 " 



i A.T. 
20 grammes 
10 " 
150 '* 

13 '' 
6 
Cover of salt. 
50 minutes at rather low tem- 
perature 



25 grammes (quite soft) 
Cupels a little dark, indicating 

a little copper oxide 
2.64 ounces 
.26 " 



It will be seen that the object in these charges was to have 
the litharge extremely high in order to oxidize the copper and 
drive it into the slag. 

The silica was also kept high, that it might assist in slagging 
the copper. In both charges the top of the fusions was very 
blue, indicating sulphate of copper and some chloride of copper 
in the cover of salt. 

The slag itself was deep red, due to the CujO carried there by 
the litharge. 

If the ore is an oxide ore, either native or due to the roasting 
of a sulphide, and contains copper, the charge is made up as 
follows and can be done either in the pot- or muffle-furnace. This 
ore is considered as having no oxidizing power. 

' Ore 5 grammes 

Sodium bicarbonate 5 

Borax 2 

Litharge. * 60 

Argols (R.P. 10) 2\ 

. Silica 1-2 

Cover of salt. 
The temperature should be medium. 



— N (J 

2" 



i A.T. 

15 grammes 

5 
90-110 " 

2i 

3-5 
Cover of salt. 
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If the ore has an oxidizing power, then this must be deter- 
mined; for if too much reducing agent is used, the lead button 
will be too large and will probably contain considerable copper 
brought down at the same time as the lead. 

If the resulting lead button is hard or brittle, add sufficient 
lead to make the weight 60 grammes and scorify in a 3^" or 4" 
scorifier. As soon as the lead begins to drive add a little fine 
silica and scorify at a low temperature, as described under Copper 
Mattes, Scorification Assay. 

The following interesting data in regard to the crucible assay 
of a cupriferous silver and gold ore were obtained by Mr. W. W. 
Trowbridge of the class of 1904. The ore was chiefly chalco- 
pyrite and showed on analysis: 

Copper 24% 

Sulphur 35-5% 

Lead 3.5% 

Silver 5 1 . 6 oz. 

Gold 3 . 1 oz. 

If we satisfy the copper with sulphur to form CujS and the 
remaining sulphur with iron to form FegSg, the iron would be 
34.37%^ leaving 2.63% for gangue. 

R.P. OF THE ORE. SHOWING EFFECT OP DIFFERENT REAGENTS. 



No. of Fusion . . 

Ore, grammes 

Soda, " 

Borax, " 

Litharge," 

Nitre, " 

Silica, " 


3 
60 


2 

3 

60 


3 
3 

90 
3 


4 
3 

90 


5 
3 
3 

60 


6 
3 
3 

90 

3 


7 
3 
3 

90 

3 


8 
3 
3 

120 
3 


10 
3 
3 

90 


II 12 

2 1 2 
2 I 2 

90 90 


19 

2 
5 

40 


20 

2 
5 

60 


21 
2 
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Cover of salt in each case. 



Time fusion, min. 
Temp., deg. C. . . . 
Lead, grammes. . . 



24 


12 


14 


12 


15 


IS IS 


15 


10 


1 
15 15 12 


14 


680 


870 


860 


1040 


910 


760I 900 


660 


— 


— — 1270 


1340 


9.2 


12.8 


13.4 


14 


19.8 


19.7119-5 


21. 5 


23. 5 


17 i8|i8.6 


18 



lOIO 

14.7 



Appearance of button: fusions i to lo, brittle; ii, 12, 19, 20, and 21 good. 

Slag: fusions i to 4, black; 5 to 8, dark brown; 10 to 12, black; 19, 20, reddish; 21 

black. 
Salt: fusions i to 12, green; 19, brown; 20, yellow; 21, green. 

The reagents in these fusions make the R.P. vary from 3.06 
to 9, and the latter is considered the working R.P. 
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REGULAR ASSAYS, SHOWING THE EFFECT OF DIFFERENT RE- 
AGENTS UPON THE SLAGGING OF THE COPPER. 

No. of Fusion 18 a8 17 35 36 15 16 25 30 

Ore grms 3 3 10 10 10 10 10 10 10 

Bicarb, soda "... 5 5 i ; 13 13 10 10 10 10 

Borax "... — _ — — _ __ — _ _ 

Litharge *' ... 50 50 70 70 70 no no no no 

Nitre "... 4 4 14 14 14 14 14 14 14 

SiUca "... — — — — — 1.5 1.5 1.5 1.5 

Salt cover cover cover cover cover cover cover cover cover 

Time of fusion, min. . 15 14 16 20 , ^ ^^ 25 27 20 23 

Temperature, deg. C. 770 mo 1000 1090 ^^°° 1500 1060 820 1500 

Color of salt pink red pink reddish brown yellow yellow — — 

Weight of lead 10.6 10.6 26.3 28.5 23.4 25.9 26.9 26.2 26.7 

Gold, ounces 3.09 — 3.09 3.09 2.92 — — 3.09 3.09 

Silver, " 40.5 50.4751.6450.3 47.3 51. i 50.3 50.4 51-2 

Total copper slagged,% 52.7 71.5 33.5 27.7 26.6 49.4 48.6 51 52.5 

Ratio of PbO to the ' . ' > . ' » . ' 

copperintheore. . . 69:1 29:1 46:1 



No. of Fusion 34 41 44 39 40 22 3a 33 

Ore, grms 10 10 10 10 10 J A.T. 10 10 

Bicarb, soda " 10 10 10 10 30 15 10 10 

Borax " — — — 10 — — — — 

Litharge " no 150 150 no no no no no 

Nitre " 14 14 14 14 14 24 14 14 

Silica " 1.5 1.5 9 1.5 1.5 — 1.5 1.5 

Salt cover cover cover cover cover cover cover cover 

Ti-ne of fusion, min 20 21 20 21 20 25 [0^15 high 15 

' -^ high 10 low 10 

T ^mperature, degrees C . . 910 1130 1040 1400 1320 1140 ^*^° ^^ 

Color of salt — — — pink white — — — 

Weightoflead 30.9 27.7 31.5 31.3 37.7 11.9 29.4 29.5 

Gold ounces 3. 12 not determined 2.98 not deter*d 

Silver " 50.5 " " 47.8 

Total copper slagged, % 45.9 36.6 55.4 36.3 41.5 52.9 43.5 45.7 

Ratio of PbO to the cop- * » ' * ^ ' * v ' 

per in the ore 46: i 63 : i 46: i 31:1 46: i 

The per cent of copper in the total slag and salt varied from 
.6% to 1.15%. 

Fusions 15 and i6, 32 and 33, 35 and 36 show that the 

temperature has very little effect on the amount of copper 
slagged. 
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Borax and soda evidently do not aid it: fusions 39 and 40. 
In fusion 40 notice the effect upon the size of the lead button 
that the increase of soda has. 

Silica seems to help it: fusion 44. A very high ratio of PbO 
to ore or to the copper present in the ore certainly helps the 
slagging. 

A small-sized lead button, provided it collects the precious 
metals, seems advisable. 

Silver in Antimonial Ores. — On an ore (R.P.=o) containing 
antimoniate of lead (antimony 25 per cent and lead 40 per cent) 
the following charge gave results fully as satisfactory as the 
scorification method. F crucible was used. 

Ore iA.T. 

Bicarbonate of soda 40 grammes 

Borax glass 15 " 

Litharge 70 " 

Argols(R.P. = 8) 3i " 

Cover of salt. 

Here, as in the case of copper ores, high litharge was used 
in order to oxidize the antimony and either slag it or volatilize it. 

The lead buttons were soft and malleable and cupelled sat- 
isfactorily. 

Concentrates, mainly SbzSg with some gangue. R.P. = 4. 

Concentrates i A.T. 

Bicarbonate of soda 15 grammes 

Borax 10 " 

Litharge 90 " 

Nitre 8 

Silica 3 

Cover of salt. 

In all the crucible work which has just been described the 
student has not only weighed the ore out accurately, but the 
fluxes, the object being to make him familiar with the chief 
assay reagents, to show him why they are used, why certain 
amounts are taken, and what influence the reagents have upon 
each other. If he understands their action and the theory of 
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their use, then he should be able to assay any ore. If he does 
not understand them, then it becomes a mere matter of guess- 
work. 

Now in the regular work of a busy laboratory it is impossible 
to weigh out each reagent, so there is always a general flux mix- 
ture kept on hand and a certain measured amount is taken, pro- 
portional to the weight of ore used. The ore of course is 
weighed out accurately, the general flux taken by measure and 
anything else added, which, from its character, the assayer judges 
the ore requires. ^ 

One flux mixture has been given on page 103. Another, used 
in a Western laboratory, consists of: 



^3> 



07 kilos, of KjCOj 
7 " " Na,CO, 
55 " " borax glass, 
45 " '' flour, 
6 " " htharge. 



13- 

It will be noticed in these mixtures that flour is used as a 
reducing agent in place of argols, which are given in these notes. 
One may not be able to obtain argols, but one can always obtain 
either charcoal, flour, starch, or something which will act as a 
reducing agent and answer just as well to throw down a lead 
button. Any one studying assaying in a well-equipped labora- 
tory is expected to learn the reasons for the different steps in his 
work; after leaving one must adapt himself to his surroundings 
and the conditions he finds, which he can easily do if he has a 
good fundamental knowledge. If he lacks this knowledge and 
simply works by rule of thumb and uses a flux mixture which 
he has found to work successfully on some simple ore from a cer- 
tain district, he will surely be in trouble when he meets with some 
difficult ore from elsewhere. 



CHAPTER IV. 
ASSAY OF ORES FOR GOLD. 

Gold fuses at 1064° C. Sp. gr. = 19.3. Atomic weight = i97.2* 

The first thing one should bear in mind in assaying ores for 
gold is that, even in a fair-grade ore, we are working upon material 
which is carrying an extremely low percentage of the metal. An 
ore carrying i oz. of gold per ton of 2000 lbs. av., or .0005 gramme 
to the A.T., is a good ore, and many ores carrying only .2 oz. 
(^4tW) ^^ ^^^ ^^^» ^^ .0002 granmies to the A.T. are worked at a 
profit. 

With such a small amount to weigh and base our results 
upon, the student can easily see: 

I St. That he must be perfectly exact in all his work. 

2d. That, as a rule, the amount of ore taken should be larger 
than we use in the assay of ores for silver or lead. 

3d. That, in order to obtain satisfactory results, it is necessary 
to have the sample pulverized extremely fine. That is, the ore 
should pass a loo-mesh sieve at least, and in many cases a 160- 
mesh or 2oomesh sieve is none too fine. 

Any of the ores the student has previously assayed for silver 
may also contain gold. 

As a rule, gold occurs chiefly in veins of quartz, but it is also 
found in slate, granite, gneiss, and syenite. 

One saying is, "gold is found wherever you find it," and 
Cripple Creek seems to illustrate this. It occurs both native 
and associated with sulphides. Pyrite and arsenopyrite are 
most frequently met with, but any sulphides, such as galena, 
chalcopyrite, and blende, may be auriferous. Above the water 
level most veins are heavily stained with iron oxide, due to the 

112 



j4SSj4Y of ores for GOLD, 113 

weathering of pyrite, arsenopyrite, or any sulphide carrying iron. 
The following are very rich gold-bearing minerals: 

' Te 60% approximately. 
Sylvanite (graphic tellurium), sp. gr. 7.99 to 8.3 J Au 30% 



■58% 
Calaverite (telluride of gold), sp. gr. 9.04 -^ Au 39% 

3% 

Petzite (telluride of silver and gold), sp. gr. =8.7 to 9.2 

Ag 40% to 50%; Au 24% to 25%, the remainder tellurium. 
Foliated tellurium carries Au, Pb, Te, S, and Sb. 



r 1 e ( 

8.3 |au . 

f Ag: 

CTe< 

]Au: 

(Ag 



In making the assay we have the following steps: 

I St. Collection of the gold and silver in the ore by means of 
lead in the scorification process, and by means of litharge, reduced 
to lead, in the crucible process. The gangue and the impurities 
in the ore pass into the slag. 

2d. Cupellation of the resulting lead button. 

3d. Weighing the Au4- Ag bead, if the Ag is to be determined. 

4th. Inquartation of the bead if found necessary. 

5 th. Parting the button in HNO3 or H2SO4, washing with 
H2O, and transferring the gold to an anneaUng-cup. 

6th. Dr)-ing, heating, and weighing the gold. 

Ores may be divided into: 

Class I. Ores with no sulphides, arsenides, or material of a 
reducing nature in the gangue. 

Class II. Ores with sulphides, arsenides, etc., in the gangue, 
or ores with a reducing power. 

Class ni. Telluride ores. 

METHODS THAT MAY BE USED FOR ASSAYING. 

Class I. (Scorification Method.) A. Do not use this method 
unless it is necessary as, for instance, in the case 0} zinc residues 
from the KCy process, copper ingots or bars and material rich in 
copper. The loss 0} gold is greater in scorifying than in cupelling. 
If obliged to use this method, take -jV A.T. of substance and 
proceed as described under the Assay of Copper Matte and Zinc 
Residues for Gold. If the ore is poor it may be necessary to 
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take six or more portions. Finally combine these and base the 
result in gold upon the total substance taken. 

Some asssayers use 4'' to 5" scorifiers, take \ A.T. of ore, a 
large amount of PbO, borax glass and some reducing agent, and 
fuse. This is not strictly a scorification, but rather a fusion or 
melt in a scorifier, and one would have to know the reducing power 
of the ore in order to know what size lead button would result. 

Class I. (Crucible Method.) B. This may be done either 
in a pot-furnace or in a muffle. It has the great advantage 
over the scorification in that a much larger quantity of ore can 
be used, i.e., i A.T. or more. 

As in the assay of ores for silver, the active fluxes are two 
or more times the amount of the ore taken. 

Use G or H crucibles and fuse in a pot-furnace, as described 
in the assay of ores for silver. 

The following will serve as illustrations of charges to be used 
on ores of diflFerent character. 



No. I. No. 2. No. 3. No. 4. 

Silicious Limestone. Ore contain- Hematite. 



Ore. 



K 2 



Ore. A.T 

Bicarb, soda, gn 
Borax, ' 

Litharge, 

Argols(R.P. = 10), 
Silica (Si02). ' 



(a) 

I 

60 

S 

2h 



ib) 

I 
30 

5 
60 

2i 



ing FejOa 

either 

native or 

due to 

roasting FeSj. 



No. s. 

Roasted 

Concentrates. 

Oxidizing 

power— f. 



cover of salt 



40 

15-25 

30 

2* 

5 

cover of salt 



Lead button, gms. — — 

No. 6. 

Roasted Ore 

containing 

1 2% Copper. 

Ore i A.T. 

Bicarb, soda, gms. 15 
Borax, " 10 

PbO, *• 90-110 

Argols (R.P. =»io), gm. 2i 
. Si02, " 3 

Cover of salt 
A large amount of argols cannot 
be used, for copper will be reduced, 
therefore it is always advisable to 
determine the oxidizing power of 
the ore so as to obtain about a 20- 
gramme lead button. 

* Or sufficient to 



40 30 

20 bor. gl. 8 

30 70 

7* 3 

4 7 

cover of salt 

— 25 



(a) 

30 

borax 10 

30 

2i 

3 



(6) 



100 

4 
7 



cover of salt 
16^ 30 



No. 7. 
Ore carrying 43% Cr208. 



-sl 



Ore 

Bicarb, soda, gm. 
Borax, " 

Litharge, " 

Argols, ** 

. Glass, 



(a) 

I A.T. 

60 



(6) 

I A.T. 

60 



(c) 

[ A.T. 

30 



35 35 70 

"3 3 3 

" 15 Si02 15 20 

Cover of salt in each case 

Time, minutes 45 35 35 

Lead, grammes. ... 26 29 — 

70 and 76 fused well. 

yc gave a slag full of lead shot ; slag too basic. 
Slags and crucibles yellow, due to chromates 
of lead and soda, 
reduce the Pb. (See page 68.) 
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If more than i A.T. of ore is taken, increase the fluxes some- 
what. Do not change the litharge where 30 grammes are used, 
and take only sufficient reducing agent to give a lead button of 
the desired size. Personally I do not believe in using more than 
I A.T. of ore in a crucible, although I know that some assayers 
use as high as 4 A.T. 

If an ore is so poor or low grade that an unweighable amount 
of gold is obtained from i A.T., then I think it advisable to make 
a number of assays of i A.T. each, combine the resulting Ag-f Au 
beads and part all of -them in one flask. The reason I prefer this 
method of procedure upon a low-grade ore is because I have often 
obtained lower results when using two or more assay tons in one 
crucible than when making several fusions of i A.T. each and 
combining all the silver and gold buttons for parting. 

If an ore contains copper running not over 25%, assay it for 
gold as described in the Assay of Ores for Silver, Special 
Methods. That is, take only i A.T. of ore in place of i A.T., 
use high litharge and silica in order to slag the copper, and an 
amount of reducing agent sufficient to just bring down a lead 
button of the desired size. Keep the active fluxes two or more 
times the ore, as described under assay of ores for silver. 

Fusion in the Muffle. — This is conducted as described under 
the Assay of Ores for Silver. Use an A or B crucible. 
The charge is made up on the following Unes: 

Ore iA.T. 

Bicarb, soda 15-10 grammes 

Borax glass. . . - 0-5 ** 

Litharge 60-90 " 

Argols (R.P. = io) 2i 

Glass 10 " 

or 

Silica 1-3 " 

Cover of salt. 
Class II. (Crucible Method.) (Ores with sulphides, arsenides, 
etc., in the gangue, or material of any kind with a reducing 
power.) Use G or H crucibles. 

Method C. — Scorify and treat as in Class I, A — method espe- 
cially adapted to copper mattes. 
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Method D. — ^Roast the ore and then treat as in examples 3, 5, 
or 6, Class I, B. 

Method E. (Method with Iron. G or H crucible.)— This 
requires iron in excess, a large amount of soda, and a fixed amount 
0} PbO. It is not recommended jar ores containing copper, nor 
lor arsenic and antimony compounds, jar a speiss may be obtained 
unless special precautions are taken. 

Ore I A.T. 

Soda. . . : 60 grammes, always twice the ore. 

Borax 5-20 " 

Litharge 30 " 

Argols \ 

Iron \ See more complete description of the process. 

SiOj ) 

Method F. (High litharge.) — This requires a large quantity 
of litharge and a small quantity of soda and nitre if necessary. 
A preliminary fusion is necessary to determine the reducing 
power of the ore. 

The method is especially adapted to ores containing arsenic^ 
antimony, or large quantities of FeSg, also to copper ores, when 
carrying up to 25 or 30 per cent of that metal. Never use iron 
in this assay. 

Method G. (Fusion in the muffle.) — ^Use ^ A.T. of ore in 
an A or B crucible. The PbO is high, the soda is low, borax 
glass considerable, and nitre used if found necessary. The 
object is to have a fusible slag and a charge that will not boil up 
much in the crucible. 

The following description will give a more complete account 
of the foregoing methods. 

Class n, C. — If obliged to use this method, see Assay of 
Copper Matte and Zinc Residues for Gold. 

Class n, D. (Certain ores may lose considerable gold 
under this method of procedure.) — ^The method of roasting ores 
containing sulphur, arsenic, and similar compounds is carried out 
as follows: 

Take i A.T. or more of ore, place it in an iron or clay dish 
made for roasting purposes, and heat the ore very gradually in 
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a muffle. The more heavily sulphuretted the ore is and the 
more fusible sulphides there are in it, such as PbS and AgjS, 
the more carefully the roasting should be performed. Stir the 
ore constantly at first, to prevent its caking. // it does cake^ 
throw it away and commence again. 
The reaction with FeSj is as follows: 

2FeS2+ iiO = Fe203+4S02. 

That is, we desire to convert the sulphides in the ore into oxides 
and volatilize the S, As, and Sb. Some sulphates and arseniates 
will also be formed. Some of these can be broken up by heat 
alone (2FeSO, = Fe203+S02+S03' or FeS04=FeO+S03 and 
CuS04 = CuO+S024-0). By the addition of carbon we can 
form CO2, SO2, sulphide of carbon and the sulphide of the metal, 
which will then break up and decompose. (2CuSO^-h3C = Cu2S 
+ S02-h3C02.) Carbonate of ammonia may also be used, 
when sulphate of ammonia is formed, which immediately vola- 
tilizes. Towards the end of the roast, increase the heat to almost 
scorifying temperature, or add charcoal until no SOj can be 
detected. If charcoal is to be used, remove the dish from the 
muffle, allow to cool sUghtly, then add the charcoal and stir it 
in well. If any arsenic is present, the odor will be noticed at 
this time. 

Everything in the ore is now in the condition of oxide, except 
the gold (which is in a metalUc condition), and some lime and 
lead, which, if present in the ore, remain as sulphates. Unless 
the roasted ore contains copper or other metals easily reduced, 
assay as in examples 3, 5, or 6, Class I, B. 

Class II, E. (Iron Method. Pot-furnace. See also page 
99.) — ^The great advantage of this method is that it saves making 
a preliminary fusion and finding the reducing power of the ore. 
The student, by this time, ought to be able to judge fairly well 
in regard to the ore, its composition, how to make up a charge, 
and what amount of argols, iron, and silica is necessary. For 
instance, suppose we take any ore to be assayed and van it. 
What we obtain on the vanning-shovel will depend upon the 
character of the ore. If we obtain a ^* fan " like that shown in 



ii8 



NOTES ON ASSAYING. 




Sulphides 

(BUgfat amount) 



the cut and no arsenic or copper minerals are present, the charge 
will be made up as follows: 

Ore I A.T. 

Bicarb, soda, 60 grammes 

Borax 5 " 

Litharge 40 " 

Argols(R.P. = io) 2 

Cover of salt. 
The argols will reduce 20 
grammes of lead, and we rely on the ore to give us 5 to 8 grammes 
more lead, still leaving some PbO in excess. No iron is needed. 

If the ore, upon vanning, shows a 
" fan *' as in the figure annexed, the charge 
can be made up in either of two ways: 

Ore I A.T. Ore i A.T. 

Bicarb, soda .... 30 gm. 

Borax 10 ' * 

PbO 60 " 

Argols none 

Iron none 

SiOg none 

Cover of salt 

If now the ore, upon vanning, shows a *'fan" similar to the 
figure below, th^ charge is made up as follows: 

y>^ Ore I A.T. 

/jr\ Bicarb, soda 60 grammes 



Bicarb. soda. 60 gm. 

Borax 10 * * 

PbO 30 '' 

Argols none 

Iron I nail 

SiOj none 

Cover of salt 





Borax 

PbO 

Iron nails (twenty penny). 
SiO, 



10-20 

30 " 
4 

3-5 grammes 
Cover of salt. 



(SUglitainoiiBt) 



Reactions in last Fusion: 

FeSj+ sPbO =FeO+ 2SOj+ sPb; 

PbS+2PbO = SOj+3Pb; 

FeSj+Fe=2FeS; 

PbS+Fe=FeS+Pb; 

PbO+Fe=FeO+Pb; 

FeO+SiOj=FeO,SiO,. 
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The FeO goes into the slag or combines with SiOj. 

The FeS dissolves in the highly alkaline slag, and the SO3 
goes off as a gas or oxidizes to SO3 and forms NazSO^. 

In the last example it is very evident that 30 granmies of 
litharge will not decompose the ore taken, so a large amount of 
iron is necessary and the SiOj is added to combine with the 
FeO formed during the fusion, which would otherwise com- 
bine with the SiOj of the crucible itself. 

This method (E) has the following advantages: 

I St. A lead button of the proper size can be obtained, fpr 
the quantity of litharge used is small. 

2d. The crucible charge varies only sUghtly with different 
ores. 

The disadvantages are: 

I St. The difficulty of both removing the iron or nails from 
the fusion and of having them free from lead globules. 

2d. The tendency of the slag to be rather thick, basic, and 
corrosive. 

As previously stated, for i A.T. of ore, the soda is 60 grammes 
and the PbO 30 grammes, unless the ore carries lead when less 
than 30 PbO is used. The borax and SiOj must be increased, 
as the sulphides in the ore increase and as the gangue becomes 
basic. If the reducing power of the ore is known, the charge 
is easily figured ; if unknown, the amount of iron, reducing agent, 
and SiOj must be left to the judgment of the assayer. 

The more sulphides present, the more SiOz there must be to 
protect the crucible from the action of the iron oxide, and the 
smaller will be the quantity of reducing agent, required. All 
the gold must be extracted from the ore, and in order to do this 
all sulphides present in the ore must be decomposed. 

Fusion. (Gold Ores, Crucible Method, with the Use of Iron.) — 
The fluxes are first weighed into the crucible, and the ore last 
of all. Mix thoroughly and put the nails in point down, then 
cover with J" of salt. Conduct the assay exactly as described 
in the assay of a silver ore by crucible method (pages 73 and 80). 
After the ore has been fusing 20 minutes lift out the nails and 
see if they are cutting or eating off at the surface of the slag; 
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if SO, add one or two fresh ones, leaving the others in thp crucible. 
If the nails cut off, it is not only difficult to remove them, but 
it renders a satisfactory pour impossible. The iron present in 
the slag should be in the condition of ferrous oxide — ferric oxide 
tends to retain gold in the slag. Fuse for 40 to 45 minutes or 
until no drops of lead are seen adhering to the nails, when they 
are raised out of the fusion. When the fusion is completed, 
remove them, and holding them partly in the, fusion, tap them 
gently to knock off any adhering drops of metal. Let crucible 
stay in the furnace two or three minutes longer, then pour. The 
lead button is cupelled as usual, but it may not start to drive 
quite as quickly as other buttons, owing to a film of iron oxide 
that is present. 

When arsenic is present, if this method is used, special pre- 
cautions have to be taken, and the following experiments by 
Mr. G. Bamaby, 1904, will be found of interest in this connection. 
Arsenopyrite is a very common mineral in Nova Scotia gold 
ores, and when the tailings from stamp-mills are concentrated 
the concentrates often carry a high percentage of arsenic, 30 
and 40 per cent being not uncommon. The following is the 
partial analysis of one gold ore: 

Silica 3150% 

Fe 20 . 61% 

Arsenic 20 . 53% 

Sulphur II .04% 

Reducing Power, 3.6 
When no iron was used in the fusion the following results 
were obtained: 

Weight of ore A A.T. A A.T. J A.T. A A.T. 

Bicarb, soda, grammes lo lo 25 20 

Borax, " 10 — — — 

PbO, *' 60 90 70 60 

Nitre, " i i 6 i 

Silica, ** 3 2 — — 

Iron, " — — — — 

Cover of salt in each fusion. 

Time fusion, minutes ,45 27 45 45 

Weight of Pb, grammes 20. 2 25 . 6 32 . 3 30 

" " Au, ** 00084 .00084 .00084 .00084 

Ounces per ton 2.8 2.8 2.8 2.8 
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A second sample, 1462 D, consisting of concentrates with 
a R.P. of 7.4 and carrying 36.2 per cent arsenic gave the follow- 
ing results. Ore through 100 sieve. Assay 2.47 oz. gold. 



No. of Pusion 40 44 48 

Ore used 3 A.T. .3 A.T. .3 A.T. 

Sodium bicarb., gins. . . 30 60 120 

Borax, "... 5 5 5 

Litharge, "... 30 30 30 

SiUca, "... 3 3 3 

Ironnai]s(2openny),gm. 70.7 70.9 53.8 

Salt cover cover cover 

Time of fusion, minutes 45 45 45 

^ , ( usual usual usual 

Temperature, deg \ q q 

*^ ' * ( 1280 1235 1185 

Lead, gms 26.7 27.2 26.3 

Speiss, " 13.33 "44 6.42 

Iron consumed, ** 22.6 24 29.6 

Gold in lead, " . .%, . .00067 -00069 .00070 

Ounces per ton. . 2.23 2.3 2 . 33 

No. of Fusion 49 46 

Ore used 3 A.T. .3 A.T. 

Sodium bicarb., gms. . . 30 60 

Borax, "... 5 5 

Litharge, "... 30 30 

Silica, "... 3 3 

Iron nails (2openny) , gm. 54 • 2 53.4 

Salt cover cover 

Time of fusion, minutes ' 45 45 

Temperature, deg. CJ^-JJ 7^^^; 

Lead, gms 26.7 26.9 

Speiss " 7.83 7.24 

Iron consumed, " 19.7 26.7 

Gold in lead, " 00071 .00069 

Ounces per ton 2 . 37 2.3 



41 45 49 

.3A.T. .3A.T. .3A.T. 



30 

5 
30 

3 
51.8 
cover 

45 

low 

710 

26.8 
3.61 

10 

.00074 
2.47 



43 
.3A.T. 

30 

5 
30 

3 

53-5 
cover 

45 



60 

5 

30. 

3 

52.1 

cover 

45 

low 

700 

27-5 
1.04 
8.2 

.00072 
2.40 



47 
.3A.T. 
60 

5 
60 

3 

55 
cover 



26.5 

14.58 
25.2 
.00059 
1.96 



26.7 

11.92 

29.2 



120 

5 
30 

3 
50-3 
cover 

45 
low 

575 C. 
24.8 
o 
7-1 



25' 735 H. 25' 1370 H. 25' 1400 
20' 1235 L. 20' L. 20' 



.3 A. 

30 

5 
30 

3 

52 

cover 

10 

usual 



3-3 



The conclusions that can be drawn from the results on these 
two samples seem to be: 

I St. That a high temperature is conducive to the formation 
of a speiss. 

2d. That the size of the speiss obtained in a fusion depends 
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upon the temperature and the amount of alkali (soda) used in 
the charge. 

3d. That at a high temperature the speiss begins to form as 
soon as the charge fuses (fusions 26 and 28). 

4th. That the speiss may or may not carry gold. 

5th. That a large speiss button usually carries gold and the 
results from the lead alone are consequently low. 

6th. Both too high and too low a temperature should be 
avoided. The latter (fusions 11, 12, and 13) give low results, 
owing to incomplete decomposition of the ore. 

7th. That the best temperature, at first, is one as low as the 
fusion can be conducted and yet have the ore decomposed, finish- 
ing with. high (fusions 14, 15, 16, and 35). Fusions made in this 
way give either no speiss or so small a one that the gold contents 
will not be appreciable. 

8th. That as the alkali flux increases the iron consumed at a 
given temperature diminishes, due no doubt to the formation of 
arseniate and arsenite of soda, both of which are found in the slag, 
rather than to the formation of arsenide of iron. 

If ores, carrying as high a percentage of arsenic as these, can 
be assayed by this method and no speiss result, it would seem as 
though the method could be satisfactorily used where only a 
small percentage of arsenic was present, simply by increasing 
the alkaline flux and maintaining the correct temperature. 

Iron Method. Fusion in the Muffle. — Ores in this class may 
be fused in the muffle also, as described under the Assay of Silver 
Ores, page 82, using J A.T. of ore. 

Class II, F. Large excess of PbO and nitre if found neces- 
sary. (See also Class II, Silver Ores, page 83.) — In taking up 
this method first refer to and consider what took place when we 
found the reducing power of charcoal and argols (page 73), and 
also what took place in determining the reducing power of silver 
ores, pages 84 to 92. Every ore containing sulphides, arsenides, 
etc., or with a reducing power, should have this reducing power 
determined in the same manner by a trial or preliminary fusion. 

Proceed as in Class II, pages 93 to 96. Fuse for 10 to 20 
minutes or until fusion is quiet. Pour and weigh the resulting 
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lead button and calculate the reducing power of the ore. Sup- 
pose 2 grammes of the ore gave 14.8 grammes of lead, then the 
R.P. = 7.4. 

Keeping in mind that litharge (PbO) and nitre (KNO3) are 
both strong oxidizing agents and that they are both able to decom- 
pose sulphides and similar compounds, it follows that, having 
found the working reducing power of any ore, we can make up a 
charge, as we did in the assay of ores for silver, to obtain a result- 
ing lead button of any size we wish. This lead button should 
carry all the silver and gold in the ore. Ores to be treated by 
this method may be divided into three subclasses, based upon the 
quantity of reducing material, i.e., sulphides, arsenides, etc., 
present in the sample. 

a. Ores requiring a reducing agent in the regular fusion. 

c, " " an oxidizing '' '' " 

I A.T. or more of ore is used in the regular fusion unless it 
contains much copper or has a reducing power of 4J or over, 
when only J A.T. is taken. 

The following will serve as examples: 

No. I a. 
Suppose the preliminary fusion on. . lo 

gave a lead button of 3 

Then the working R.P. = *. . .3 

Make up the charges for the regular fusion as follows, using 
G or H crucibles in pot-furnace: 

No. I a. No. 26. No. ic. No. 4c. 



No. 26. 


No. 3C. 


No. 4^. 


5 


3 


2 grammes ore 


5 


12 


14.8 grammes. 


I 


4 


7.4 









X 




y 




Ore 


,. I A.T. 
•• 30 


I A.T. 

30 


I A.T. 

30 


or I 


A.T. . 
60 


iA.T. 


NaHCOj, grammes. . 


15 


Borax, " • . 


.. S-io 


5-10 


10 




10 


10 


Litharge, " 


.. 60-75 


75 


140 




90 


130 


Argols(R.P. = 9), " •• 


2 


— • 


— 




— 


— 


Nitre (O.P. = 4-2), " •• 


— 


— 


21 




21 


19 


Glass, '* . . 


.. — 


5 


25 




— 


20 


or SiOj, " , . 


. • — 


Cover of salt 


6 
in each 


case 


." 


5 
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We aim to obtain a lead button weighing between 26 and 30 
grammes. 



No. I a. 
We require some reduc- 
ing agent in this fusion, 
because i A.T. of ore 
will reduce only 8.7 
grammes of lead. 
Therefore we add 
enough argols to re- 
duce 18 more grammes 
of lead. 



No. 2b. 
There is sufficient reduc- 
ing material in this 
ore to give a 29 -gm. 
lead button. There- 
fore we require neither 
argols (reducing agent) 
nor nitre (oxidizing 
agent). 



No. 3C. 

In charge x the ore will 
reduce 29.166 X 4 = 
1 16.6 grammes of 
lead. We desire a 
26-gramme button. 
.'. 116.6 — 26 = 90.6 
grammes of lead to 
be oxidized. 

Oxidizing power of nitre 

Q0.6 

4.2 
of nitre to be added ► 



= 4.2 



-=2i gm. 



No. 3c. In charge y, the 30 additional grammes of soda 
take the place of the 50 grammes of PbO left off. Owing to 
this diminution of litharge no silica is used, otherwise the charge 
is the same as x. 

No. 4c. Here J A.T. of ore is used, but the charge is made 
up on the same basis as No. 3c x; the amount of litharge in each 
case is 20 per cent in excess of the total amount of lead that each 
ore will reduce, i.e., ore No. 3c x will reduce 29.16X4=116.6 
grammes; 20 per cent of this is 23, or a total of 140 grammes. 

This is lead, but it is sufficiently close to call it litharge with- 
out figuring the exact amount of litharge that will yield 140 
grammes of le^td. 

Summing up this method, the first thing necessary is to 
determine the working reducing power of the ore and then the 
oxlding power 0} the nitre, after which calculate the total 
amount of lead that the ore intended to be used in the regular 
fusion will reduce; if less than 30 grammes, add sufficient 
argols to make up the difference; if it will reduce more than 
30 grammes, subtract 25 to 30 from the amount reduced and 
divide the difference by the oxidizing power of the nitre; this 
will give the amount of nitre necessary to add to the regular 
fusion. 

Regular Fusion. — ^The fusion is made in the pot-furnace in 
the usual manner. When the charge begins to fuse, check the 
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fire AT ONCE, to have the charge fuse quietly. The more nitre 
there is present the greater the care to be observed, because the action 
at times is very violent. The nitre and PbO both decompose 
the sulphides present, and the nitre no doubt oxidizes some of 
the lead reduced, when it is in small globules, but in what order, 
if any, these reactions take place it is difficult to say. 

Most ores will be decomposed by a fusion of 25 to 30 minutes, 
but for heavily sulphuretted ores 50 minutes is sometimes neces- 
sary. 

The disadvantages of the process are: 

I St. The necessity for a preliminary fusion. 

2d. The liabiUty of an excess of PbO eating through the 
crucibles. 

3d. The possibility of obtaining a button differing in weight 
from that figured for. 

The last two can be avoided, if due care is given to the work 
and if the same ratio of soda to ore is maintained in the regular 
jusion as was used in the preliminary one. An excess of soda 
(as shown under Silver Assay, page 87 and following) seems 
to tend to form SO3 rather than SOj, and consequently the amount 
of lead obtained is greater when a large excess of alkali is used. 
This method is especially adapted to arsenical, antimonial, 
and copper ores. The first two are oxidized and either volatilized 
or slagged, and the last is slagged by the excess of litharge used. 
The lead button, if soft and malleable, is cupelled as usual. 

Class II, F. (Fusion in the Muffle.) — Ores in this class can 
be fused in the muffle, as described under the Assay of Ores for 
Silver. For instance, the charge for ore 3c on page 124 would 
be made up as follows. Use a B crucible. 

Ore i A.T. 

Sodium bicarbonate 10 grammes 

Borax glass 10 " 

Litharge 90 " 

Nitre (O.P. =4.2) 7 " . * 

Glass.. 5 

Cover of salt. 
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The fusion would have to be made very carefully owing to 
the nitre present. 

Fuse 40 to 50 minutes. 

Class in. Telluride Ores. — Ores carrying tellurium com- 
pounds are certainly more difl&cult to assay for gold than the 
ordinary run of ores, ajid when there is a large percentage of 
tellurium present satisfactory results are extremely difficult to 
obtain. At one time the scorification method was supposed 
to be the only satisfactory one, but equally uniform results can 
be obtained by the crucible method, if all due precautions are 
taken and the ore is sufficiently fine (140 to 200-mesh). In 
the former a large amount of lead seems essential, and in the 
latter both high litharge and high soda. The litharge is sup- 
posed to oxidize the tellurium, and the soda forms a tellurate, 
which enters the slag. Most assayers recommend an extremely 
high temperature, but I think this is a mistake on rich ores. 
TeO acts as a base, and TeOg as a weak acid. Results on some 
rich ores lead me to beHeve that, in certain instances, the tellurium 
compounds which have entered the slag are broken up at a 
high temperature and the tellurium enters the lead button. 
Much gold can be lost when roasting ores rich in both gold and 
tellurium. Low-grade ores, when little tellurium is present, 
can be roasted with little loss of gold and assays on these roasted 
ores will always run much more uniformly than upon the raw 
. ores. It will be seen from these preliminary remarks that there 
is room for much valuable investigation upon this class of ores. 

Numerous papers have been published in regard to the cor- 
rect method of assaying these ores, and many different charges 
and methods have been suggested. No doubt they all have 
their advocates, and in their hands satisfactory results may be 
obtained. The thing more important than all others is to see 
that the ore has been ground to a sufficient degree of fineness. 
For the majority of rich ores this is not less than what will pass 
through a 140-mesh sieve, or finer if possible. In other words, 
the richer the ore the finer the sieve should be through which 
it should be passed. 

The following experiments were carried out by Mr. A. L. 
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Davis of the class of 1898, and were first published in the Tech- 
nology Quarterly, Vol. XII, No. 2, June 1899: 

"The ore selected for the work came from Boulder County, 
Colorado, and gave a strong test for tellurium. The per- 
centage was not determined. The gangue was chiefly quartz, 
with tellurides and pyrite scattered through it. It was pul- 
verized and passed through a loo-mesh sieve. Assays made 
by myself showed 68.6 ounces gold by the scorification method, 
and 68.3 ounces gold by the crucible method of assay, no cor- 
rection being made for gold left in slag and cupel. The ore 
had a reducing power of 1.2. 

" In the experiments carried out by Mr. Davis four different 
crucible charges were tried, and three different scorification 
charges. In each experiment the slags and cupels were saved, 
ground separately and assayed, in order to trace the loss of gold, 
if there was any. The results are shown in the accompanying 
tables. From the tables it will be seen that, in the scorification 
process, some gold is always lost in the slag, and that it is larger 
than the loss sustained in cupellation, which of course is the 
rule in gold assays. In the crucible process there is also a loss 

SCORIFICATION METHOD. 



Charges. 


c 

H 
•c 

a 

X 


1 


fl 


1. 

If 
l| 


CO 


1 

-0 


1 





S 


T3 

1 




"o 



1 






Si 

1 


fe 
1 


1 

(2 


§ 



c c 


1 




s 


^ 


^ ^ 


^ 









<£ 




rOre^A.T 


la 


30 


20 — 


.00622 


.00005 


. 00004 


.00631 


63.1 


•79 


.63 


T I Gran, lead, 60 gms. 
■*•• 1 {^ mixed with ore, 


2b 


30 


cupelled 


.00648 





— 





64.8 


























t i placed on top). 


3C 


31 


cupelled 


.00690 


trace 


trace 


.00690 


69 


.00 


.00 


Borax glass, a pinch on 
top of all. 












































r0re^A.T 


le 


34 


22 — 


.00686 


.00004 


none 


.00690 


69 


.58 


none 




Gran, lead, 45 gms. 






















II. ■ 


i^ mixed with 
























ore) 


2f 


25 


cupelled 


.00648 


.00005 


. 00005 


.00658 
.00666 


65.8 
66.6 


.76 

1 .50 


.76 
.90 




PbO cover 10 gms. 


3g 


25 


cupelled 


.00650 


.00010 


.00006 


Borax glass, 0.3 gms. on 
top 01 all. 










































(0re^A.T 


ih 


48 


37 20 


.00684 


.00005 


none 


.00689 


68.9 


•71 


none 


III. i Gran . lead . 60 gms. 
(PbO.i A.f. 


23 


49 


25 — 


.00647 


trace 


.00005 


.00652 


65.2 


.00 


• 77 























Assays a, e, and h were all made at the same time and under conditions as nearly alike 
as possible. 

Assays b, f, and ; were all made at the same time and under like conditions. 
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of gold in the slag, but the percentage loss seems to be less than 
that sustained in cupellation. 

'* As the ore carried very little silver, enough pure silver was 
added to all the lead buttons at the time of cupellation to part 
the resultant bead. It may be of interest to state that tests upon 
the bone- ash from which the cupels were made by us showed 
that 

3.5% would remain on a 6o-mesh sieve. 

15.9% would pass 60 and remain on 80. 

27.8% would pass 80 and remain on 100. 

52.8% would pass through loo-mesh sieve. 

CRUCIBLE METHOD. 













•d 


.s 


,c 


•d 




'd 


-d ■■■■ 




^ 




1 


g> 


S 


•0 


-d 


1 




1 


&. 




1 




■5 


1 


3 

OS 


1 


1 




11 

fStn 


3I 


Charges. 




.1 


■A 
■J 

■I* 6 


4^^ 


^1 
SI 


•0 


-d 


'd 

1-^ 


8 


"S.S 






s, 


P^ 




^ 


^ 


^ 


^ 


H 





£ 


& 


I. 
fOre i A.T. 
.^ J Soda, 60 grammes. . 
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.Argols, I gramme.. . 
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•| i PbO. 60 
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.03393 
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.00008 


.03401 
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Niter, i gramme. 
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.06820 


.00011 


.00015 


.06846 


68.46 


.16 


. 22 


























Cover of salt. 
















Av. 


68.32 







Taking all the results between 68 and 69 oz.we have an average of 68.35 oz. 

*^ From the foregoing tables it is very evident that the ore, 
setting aside the loss through volatilization, assays between 68 
and 69 ounces per ton, and any results below this are due to 
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the ore weighed out not being a correct or even sample of the 
whole. Of the eight scorification assays three are practically 
correct, and are within the limits of error of assay, with no col*- 
rection made for the gold found in the slag and cupel. The 
remaining five are all too low, even with the corrections made, 
and there seems no way for accounting for these low results 
other than that the portion of ore taken was an incorrect sample 
of the whole. 

" The crucible results are much more even, and the percentage 
of loss sustained both in the slag and in cupellation lower than 
in the scorification method. As the amount of ore taken is 
five times larger in seven cases and ten times larger in two cases 
than in the scorification method, this may account for the more 
uniform results and the smaller percentage of loss sustained. 

" As for the charges used, no comparison is drawn. Our only 
regret is that the sample of ore was so small that we were unabld 
to carry out further experiments which the above results sug- 
gest. No doubt if the ore had been crushed to pass through a 
1 60- or i8o-mesh sieve more uniform results would have been 
obtained in the scorification method. It was only a short time 
ago when a 6o-mesh sieve was considered sufficiently fine to 
pass any ore through previous to assaying. This was then set 
aside for an 80-mesh, and now a loo-mesh is generally used 
in most assay offices. I believe it only a question of time when 
every sample will have to pass a 140-mesh. What assayers 
need is a machine easily cleaned, which will grind ores through 
such a sieve quickly, and at the same time not contaminate the 
sample with the iron or material of which the machine is made. 
The foregoing experiments also bring up the questions of how 
close assay results should check, and what the percentage of loss 
is in assay work. 

"As to the first question, some ores will check easily, even if 
the ore is ground no finer than through a 6o-mesh sieve, but 
these are the exceptions. With other ores, even when ground 
so fine that they will pass through bolting-cloth finer than 200 
meshes to the inch, it seems impossible to obtain anything like 
uniform results. 
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" As to the percentage of loss sustained in work, whether by 
the scorification or the crucible method, many experiments 
carried out upon the foregoing lines, both upon silver and gold 
ores, indicate to me that nothing definite can be laid down in 
regard to it. Every ore, every slag, every scorification, and 
every cupel, let alone the temperature at which the assay is 
carried on, has some effect upon the loss, and these make too 
many unknown quantities to arrive at any definite conclusion." 

The following are some charges which have been given to 
me: 

!Mr. G. A. Packard, class of 1890, for rich ores in San Juan 
district, Colorado, recommends a crucible assay with ^ A.T. of 
ore, litharge 60 grammes, some soda, some potash, the necessary 
amount of reducing agent, and a cover of borax glass. 

Mr. C. S. Hurter, 1898, recommends a crucible assay with 
i A.T. of ore and not less than 180 to 200 grammes of Utharge, 
increasing the amount of the acid fluxes owing to the large amount 
of Htharge. 

Mr. J. H. Batcheller, 1900, recommends the following: 

^ A.T. if the ore is rich. 

i A.T. '' " '' '' poor. 

Soda 40 parts " 

Potash 20 

Flour 8 

^ Borax 10 

50 " PbO. 

S " silica. 

Cover with 30 grammes of borax glass. 

Heat at just as high a temperature as the muflBe will give. 

In Cripple Creek, Colo., they use a flux made up somewhat 
as follows: 

K2CO3 3 .07 kilos 

Na^COe 2.7 '' 

Borax glass 2.55 " y Mix well. 

Flour 45 '' 

Litharge 13.6 '' 



20 gms. of flux: ^ 



>■ Mix well. 
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Take about 2\ oz. of this or about 65 to 70 grammes, and 
\ A.T. of ore, and fuse in a muflae-fumace. The slag will be 
glassy and brittle. 

The foregoing charges were made up for ores of different 
districts, and it will be seen that they vary a good deal. 

There is no doubt, if an ore is very rich in gold and a large 
amount of tellurium is present, that it is better to take ^ or 
^ A.T. for a crucible assay than a larger amount. 

If \ A.T. is taken, the resultant lead button will be apt to 
carry tellurium, and if it is cupelled, without scorifying, the result- 
ant bead will contain tellurium. A silver or gold bead, when 
contaminated with this impurity, will be rough and frosted. 

Two ores very rich both in gold (287 oz.) and tellurium gave 
a great deal of trouble in this respect. The charge taken at first 
was as follows: 



Mix in crucible. 



Ore i;A.T. 

NajCOg 40 grammes 

PbO. 90 

Argols(R.P. = 7) 5 " 

KNO3 5 

Cover of salt. 

Fusion was 30 minutes. Lead button was cupelled and 
gave a slightly frosted bead. This bead, when dissolved in H2SO4, 
gave a dark pink solution, showing the presence of much tellurium, 
and yet it seems as though the above charge should have oxidized 
all the tellurium and either slagged or volatilized it. 

Another ore carrying over 500 oz. in gold gave tne same 
trouble. These ores, when scorified with 60-70 grammes of 
lead and high borax glass, gave satisfactory and uniform results. 
The slag was ground and assayed, and this correction added 
to the first results, because there is always a loss of gold during 
scorification. 

Testing an Ore for Tellurium. — ^Take some of the finely 
pulverized ore and. heat gently with strong H2SO4 in a white 
vessel. If tellurium is present, a faint purple tinge will be seen 
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about the ore particles which will gradually spread through the 
solution, coloring it deep carmine if much is present. This is 
said to be due to tellurous oxide. It will disappear on boiling 
and upon the addition of water, which throws down the metal 
as a gray powder. If the ore itself gives no test, take 100 grammes 
or more of the ore and carefully pan it; then treat the concentrates 
as described. 

The following are some references as to telluride ores: 

C. W. Fulton, School of Mines Quarterly, Vol. XIX. 

Mineral Industry, Vol. VI, Telluride Ores. 

Effect of Telluritim upon the Cupellation of Gold. — ^The fol- 
lowing work was done by Messrs. F .J. Eager and W. W. Welch : 



No. 


C.P. Gold. 


Lead, 
Grammes. 


Temp. 
C. 


Percentage 
of Tellu- 
rium Used. 


Percentage 
Gold Lost. 


Mean 
of the 
Two. 


I 


.20181 


10 


775° 


none 


•15 




2 


. 20104 








( i 




16 


•155 


3 

4 


.20025 
.20408 








2-5 




I 
19 


.145 


I 


.20334 
.20089 








^:r 




12 
II 


•115 


9 


.20392 
.20590 
.20226 








7-5 
10 




17 
12 


.160 


10 


. 20263 






( ( 




16 


.140 



The results agree very closely with the .ones obtained when 
cupelling pure gold (see page 142) and seem to indicate that the 
presence of 10% of tellurium has no influence on the loss of 
gold, which is entirely at variance with many published results, 
which show very high losses when tellurium is present in the 
lead button. All the buttons were bright yellow and showed 
no evidence of tellurium. 

The tellurium gave a pinkish color to the surface of the 
cupels, which, in great part, faded away upon cooling. 

Cupelling and Weighing Beads of the Precious Metals. — If the 
ore is to be assayed for both silver and gold, the button resulting 
from the cupellation is weighed previous to the parting with acid 
and the silver determined as follows: 
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Silver and gold bead = .00847 grammes in i A.T, 

Silver in 30 grammes of PbO used. . . =* .00037 " 

Silver and gold = .00810 " 

Gold from parting = .00210 " =2.1 oz. 

Silver = .00600 " =6 oz. 

There is sufficient silver in this button for parting; but if a 
button does not part in acid, silver has to be added. This silver 
need not be weighed. The final calculation is made as in 
example. 

When we do not care to know the amount of silver in the 
ore and the ore is known to carry a very small quantity of both 
silver and gold or a large quantity of gold and httle if any silver, 
it is well to add a small piece of C.P. silver-foil to the lead but- 
ton at the time of cupellation. This will not only give a button, 
but will allow this button to be parted and save fusing it with 
silver afterwards. Bear in mind, however, that if the silver is 
in too great excess or too large ratio to the gold, the button is 
apt to part too rapidly and the gold be finely divided, unless very 
weak acid is used. 

Parting. — ^The separation of gold from silver is called "part- 
ing.'' For this purpose use either nitric or sulphuric acid. The 
acids must be as pure as they can possibly be made, for if either 
one contains a small quantity of the other, gold will go into solu- 
tion. The HNO3 must also be free from HCl and free chlorine. 
It has been determined that when an alloy of gold and silver is in a 
thin plate, the best ratio in which to have the metals is between 
2^ and 3 parts silver to i part of gold. That is, an alloy con- 
taining less than 2J parts of Ag to i part of Au will not part. 
When the proportion of silver is greater than 3 parts of silver 
to I part of gold the action of the acid upon the alloy becomes 
too rapid and we are liable to have the gold in a finely divided 
condition, which makes it difficult to collect it. We therefore 
try to have the alloy a little less than 3 parts of silver to i part 
of gold. 
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Inquartation or Quartation (i.e., one part in four). — ^This 
is an operation by which the alloy or button is brought to this 
standard or ratio. 

The button or alloy of gold and silver is carefully cleaned, 
weighed, and hammered flat on a small anvil. If it is a large 
button or bullion, it is annealed repeatedly ^^ and rolled 
out gradually into a thin plate or ribbon. ^^ It is next 
rolled up into the form of a comet or of a coil and then placed 
in a parting- flask. In parting buttons from ores some assayers 
prefer one thing, some another; small flasks, porcelain crucibles, 
or test-tubes may be used. 

The capacity of the flasks should be from 30 to 60 cc, and the 
lip should be round and not liable to break. The 
adjoining figures represent two forms of flasks. B 
^ a\ Ib\ ^^^ ^^ advantage over ^4 in that the sides are 
straight, and they both have the advantage over a 
test-tube in that the contents, when heated, are not so apt to 
bump. In France and in some mints they use a flask 
shaped as in the annexed figure. In parting we do 
not use strong HNO3 (1.42 sp. gr.), for this seems to 
have some action upon gold. (If the solution turns 
yellow and then brown or violet upon the addition of 
water, gold has gone into solution.) In some tests .12 
to .15 per cent of gold went into solution. Acid of 1.13, 1.16 
(18° Beaum^), 1.20, and 1.27 sp. gr. may be used. 








HNO3 




H2O. 


1.42 sp.gr. 


Acid of 1. 1 2 sp. gr. consists of about 900 cc. 


and 300 cc. 


(( it 1. 16 ** ** ** ** ** 


700 - 


" 350 *' 


** '' I.l8tOI.20 '* '* '* '* *' 


700 " 


" 420 " 


(< i* I 20 (( (( tt It Cl 


600 *• 


" 400 '* 


<( tt J 27 ** ** ** ** ** 


490 '' 


" 610 '* 


22° Beaum6 is 1.188 sp. gr. and is about 


600 ^' 


" 420 " 


27° ** ** 1.24 ** ** ** ** ** 


500 - 


" SCO *' 


32° ** ** I-20S ** ** ** ** ** 


350 *' 


" 720 '* 



Place the bead, button, or strip of bullion in the flask or porce- 
lain crucible, add a little distilled water and then just enough 
acid (1.20 sp. gr.) to start action (the mints use acid of three dif- 
ferent strengths); heat gently, the, object being to have the 
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action take place slowly, and finally boil. If, after boiling a few 
minutes, no action is noticed upon the button and it appears 
round and hard, there is probably not sufl&cient silver present in 
it. Wash with distilled HjO and transfer to an annealing- cup, 
dry and weigh. Add fully three times the weight of C.P. silver, 
wrap in C.P. lead, and cupel on a fresh cupel. 

If upon boiling in the dilute acid there is action upon the 
button, continue the boiling until action almost ceases, decant 
the solution containing the AgNOg (save this solution in a bottle), 
add a fresh portion of acid (1.20 sp. gr.), and boil again. Repeat 
a third time and either add a little 1.40 acid to the 1.20 or else boil 
in 1.27 sp. gr. acid until there is no action or until the last traces 
of the silver are removed from the button or cornet. If the 
student suspects that the ratio of the silver to the gold is ver}- 
large, have the solution of the silver take place all the more slowly, 
so as to keep the gold in one piece. 

The boiling tends to collect the particles of gold and removes 
any air from the fine flakes. Finally rotate the flask gently, 
decant the solution, and wash with hot distilled water two or 
three times. When decanting the solution or water always hold a 
piece of white paper beneath the flasky so that you can watch the 
gold residue. 

The gold is then ready to be transferred to a clay or porce- 
lain annealing-cup or to a porcelain crucible. The clay annealing- 
cups or dry cups should have round smooth edges and not sharp 
ones. The Battersea forms A and B cannot be improved upon. 

The clay cups have the advantage over the glazed porcelain 
ones in that they are porous and can absorb some water and give 
it off slowly. They have the disadvantage that, if not carefully 
used, some of the material from the cup or cover may break or 
rub off and get into the gold. The porcelain cups have the advan- 
tage of the surface being perfectly smooth and glazed, so that it 
cannot be rubbed off and get into the gold. They have the 
disadvantage of breaking more easily upon heating and cooling 
and of being apt to spatter in drying. The latter can, however, 
be almost entirely obviated in the following way: Have only a 
little water left in the cup, then add some absolute alcohol and 
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set this on fife. By the time the alcohol has all burned, the water 
will have evaporated and the gold will be left in the cup in a con- 
dition to stand the full temperature of a lamp or muffle. 

The next step in the parting process, if a flask or test-tube 
has been used, is to fill it }ull to the edge with distilled water, 
place an anneaUng-cup or porcelain crucible on top, and invert 
quickly; allow the gold to settle into the cup, shaking the flask 
and rotating it occasionally; raise the 
flask gently and allow air to enter slowly, 
but do not allow it to disturb and break 
up the gold. When the mouth of the 
flask is even with the top of the cup and 
the latter is full of water, slide the flask 
off quickly at right angles to the cup, 

drain the water from the cup as far as possible, cover it up, and 
dry it upon an iron plate. 

The gold will be in the form of a dark-brown or black powder. 
Finally, heat the cup in a muffle-furnace or over a Bunsen lamp 
until it is red on the bottom and the gold is bright yellow. 

During the whole process of "parting" the student must be 
very careful to get no foreign matter of any kind into the flask or 
the annealing-cup. Never pass one flask over another nor one 
annealing-cup over another, as dirt may fall off one into the other. 
If the student heats the clay annealing-cups in a muffle, which is 
the most satisfactory method, have them dry before placing them 

in the muffle and do not touch the 
^ ^ ^ ^ "^ muffle or furnace in any way during 

C/^^ the heating. Handle the cups care- 

fully with tongs, similar to those represented in the figure, and 
keep the covers on them until ready to weigh the gold. 

When the cup and its contents are perfectly cpld, have the 
fine balances (sensitive to Yi^q of a milligramme, i.e., .00001 
gramme) in perfect adjustment, remove the scale-pan from the 
balances, and transfer the gold from the cup to the pan. Do 
this by tapping gently the side of the annealing-cup. This de- 
taches any small particles of gold which may be adhering there, 
and then by tipping the cup slowly over the pan all the gold will 
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slide nicely from the cup into the pan. Replace the scale- pan 
and weigh as accurately as possible. Report the result in ounces 
as follows: 

Ore used =1 A.T. 

Gold as weighed = .00 1 26 grammes. 

= 1.26 oz. per ton of 2000 lbs. of ore. 
Value @ $2oVioo per oz. (U. S. Standard) = $26«yioo 

After weighing the gold always examine it carefully not only 
to see whether any foreign matter has been weighed with it, but 
also to see whether it is pure yellow. If it has a white appearance, 
it has not parted and contains silver; if it is dark or black, it 
probably contains some of the rare metals of the Pt group. 

Gold cupelled with bismuth almost always retains traces of 
-this metal, and very small amounts of it or of lead may make the 
gold brittle and non-malleable. 

The "flashing"* of a gold button, i.e., when in cooling it 
emits a brilliant, clear, greenish Ught, is said to indicate its purity; 
and if this takes place, Ir, Rh, Os, Ru, and Osir must be absent, 
for extremely small quantities will prevent it. 

On ordinary ores results in gold should agree within .02 oz. 
Assays of seller and buyer should check within .04 oz. 

If the seller finds 1.42 oz. and the buyer 1.38 oz., the ore is 
settled for at 1.40 oz.; if the seller finds 1.42 and 1.44 oz. and 
the buyer 1.35 and 1.36 oz., a sample of the ore is sent to an 
umpire, who makes from two to four assays. 

Generally, the mean of these assays is taken. 

Suppose the umpire finds 1.40 oz., then the ore is bought on 
that basis. 

If he finds 1.46 oz., then the settlement is based on 1.44 oz. 
If he finds 1.34 oz., then 1.36 oz. per ton is the basis. 

Smelters generally pay $19.50 to $20 per ounce for all gold 
present above .05 of an ounce. 

* Flashing in Assays of Gold. Dr. A. D. Van Riemsdijk, Ch^m. News, vol. 41, 
pp. 126 and 266. 
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Separation of Gold from Platinum and Iridium : Wet Method.* 

" The method consists in treating the solution containing the 
metals with peroxide of hydrogen after the addition of an alkaline 
lye. While other methods require several hours to effect a com- 
plete reduction, in this case the gold is precipitated in a few 
minutes, even in the cold, as a black deposit, which under the 
action of heat agglomerates and becomes of a reddish-brown 
color: 

2AuCl3-f- 3H2O2+ 6K0H = 2Au-F 60-F 6KC1-F 3H2O. 

In case of dilute solutions it is best to apply heat after the 
precipitation, then acidulate with HCl. For the estimation of 
gold in conrniercial chloraurate of sodium it is, however, prefer- 
able to effect the reduction by means of formic aldehyde instead 
of hydrogen peroxide. 

The reaction of peroxide of hydrogen in alkaline solution is 
much more sensitive qualitatively than any other reaction of 
gold. With 3 milligrammes of gold per litre we can still perceive 
a pale reddish coloration, appearing blue by reflected light; this 
would not be detected by other reagents. 

Silver is also precipitated quantitatively under the same con- 
ditions, but platinum as well as irijdium remains in solution; 
this affords an excellent method for separating these two metals 
from gold.'' 

EXPERIMENT: ROASTING CONCENTRATES OR AN ORE CARRY- 

ING GOLD. 

The objects of the test are: 

I St. To find the assay and value of the concentrates or of the 
ore. 

2d. To ascertain the loss in weight of concentrates or of the 
ore during the roast. 

3d. To assay the roasted material to discover the loss of gold, 
if any, during the roast. 

4th. To see how good an assayer one is. 



* Chem. News, vol. 82, p. 70. Estimate of gold and its separation for Pt and Ir. 
L. Vanino and L. Seemann. 
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Take the concentrates resulting from the panning test 
(through 30- or 40-sieve) or some that will be assigned to you. 
Mix very thoroughly and with a broad spatula take a sample of 
200 grammes. Roll this well on the sampling cloth or paper; 
take with a broad spatula 90 grammes (weigh on flux- balance), 
crush it through a 120-sieve and assay for gold. Make two 
assays, using i A.T. in each case, unless the ore carries copper or 
has a reducing power of 4^ or more, when use only \ A.T. 

Weigh out exactly no grammes of the ore (through 30- or 
40-sieve) on the pulp-balance and roast carefully in a clay dish 
in a muffle as per Class II, D, page 116, also page 194. 

See that the clay dish will go into the muffle and have only 
sufficient fuel in the furnace to come up to the bottom of the muffle. 

Use every precaution to avoid mechanical loss of the ore. 
Do not heat so fast that the ore will decrepitate, and after stirring 
the ore each time always hit the iron stirring-rod on the dish to 
shake off any ore that may adhere to the rod. 

Roast the ore dead, i.e., so that neither suiphides, sulphates, 
arsenides, nor arsenates are present in it. 

Weigh the roasted ore on pulp- balance to second place of deci- 
mals, and pass through a 20-mesh sieve, to remove any lumps, and 
calculate the per cent ore lost during the roast. 

Grind roasted ore through 120-sieve and assay for gold. (See 
page 114, examples 3, 5, and 6.) 

From the assay of the raw ore calculate the amount of gold 
in no grammes of raw ore, and from the assay of roasted ore 
calculate the total weight of gold in the ore after the roast. 

Calculate the per cent of gold lost during the roast. 

Example. — Concentrates from Ore No. 2444. Through 30- 
mesh sieve. Consist of arsenopyrite, pyrite, and a little slate. 

Took 200 grammes of concentrates. 

Assay showed 1.12 oz. per ton of 2000 lbs. 

Therefore total gold in 200 grammes is 

29.16 : 200 : : .00112 : :x; = . 00768. 

Took no grammes to roast. 

Gold in no grammes = 29.16 : no : : .00112 : iV = . 00422. 
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Weight of ore after roasting =86 grammes. 

Loss = 24 grammes = 21 .8%. 

This loss depends entirely upon the composition of the ore 
or concentrates, and may be very slight or may be as much as 40%. 

Roasted ore assays 1.4 oz. Au per ton. As this ore has lost 
so much weight, this assay must necessarily be higher than that 
of the raw ore, unless there has been a heavy loss in gold. 
Gold in roasted ore is 

29.16 : 86 : : .00140 : x =.00413 
Gold lost (.00422 — .00413) = .00009 =2.13% 

The foregoing experiment is a most valuable one in many ways, 
for it shows how .carefully a student works, how good an assay er 
he is, and how much he has profited by his previous work. 

Gold volatihzes easily before an ordinary blowpipe, giving a 
purple stain (oxide of gold); to prove this, hold a moist vessel 
over the charcoal or cupel, condense the fumes, dry, and assay the 
residue. (See Napier's experiments.*) 

The metal in the mint, when in crucibles ready to pour for 
coinage, is said to have a temperature of 1100° to 1150° C. 
Metals when in a melted condition absorb a great deal of gas, and 
gold is no exception.f According to T. K. Rose, an atmosphere of 
CO apparently increases the volatility, and he says that the loss 
in clay crucibles is less than in cupels, and less in the latter than 
it is in graphite crucibles. 

The following results and those given on page 133 are of interest 
in this connection. 

It will be remembered that silver can be cupelled successfully 
at 700° and even below, but this cannot be done in the case of 
gold. The loss in gold increases gradually with the temperature 
until the neighborhood of 1000° is reached, when it increases 
rapidly. In these experiments the loss at this temperature was 
chiefly due to minute buttons found on the inner surface of the 

* Volatilization of Metallic Gold. Journal of Chem. Soc, vol. 10, p. 229, by 
James Napier. T. K. Rose, J. of Chem. Soc, vol. 63, p. 714. 
t Phil. Trans., 1866, 399-439, by Graham. 
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cupel. At first it was thought the large buttons had sprouted, 
although they presented a smooth surface. The following experi- 
ment was then tried: Three lots of gold were cupelled side by side 
at 1000° C. ; one was withdrawn when the 10 grammes of lead were 
about half cupelled another when nearly at the point of blicking, 
and the third after the button had bUcked. All the cupels had 
small gold buttons scattered over them, but none of the buttons 
were observed to spit. On the one first withdrawn the gold 
buttons were small and few in number; on the second there 
were more buttons and larger ones, and on the last a good many 
quite large ones were found. 

CUPELLATION OF GOLD AT DIFFERENT TEMPERATURES TO 
DETERMINE LOSSES. 





Experiments 


BY Messrs. F 


. J. Eager and W. W. Welch. 


No. 


Gold. C.P. 


Lead. 

Grammes. 


Temp. 
C. 


Per Cent 
Lost. 


Mean of the 

Two Nearest 

Together. 


I 


.20026 


10 


700° 


All three of 


these buttons 


.2 


.20176 






It 


froze owing 


to the temper- 


3 


.20421 






tt 


ature being 


too low. 


4 


.20181 






775° 


•'§ 




5 


. 20104 






ti 


.16 


.155 


7 


.20168 






8500 


.40 




8 


.20047 






(( 


•55 




9 


.20153 






(( 


•37 


.385 


10 


•20513 






925° 


.45 




II 


•20 53 






tt 


.46 




12 


. 20398 






it 


.46 


.460 


13 


. 20180 






1000°. 


1.44 




14 


.20120 






(( 


1.28 




15 


.20166 






** 


1-43 


I -435 


17 


.20251 






1075° 


3-34 




18 


.20173 






2.64 


2.990 



Where the cupel was most eaten into there the larger number 
of buttons were found, and the softer the cupel the more it was 
eaten. Hard cupels were also attacked, and where eaten there 
buttons were found, which seems to indicate that the higher the 
temperature the more the litharge attacks the cupels, for no 
small buttons were found on the same quality of cupels run 
below 1000° C. At high temperatures, for some reason (perhaps 
less capillary attraction of the lead), small particles of the alloy 
are left behind and cupel by themselves; therefore gold but- 
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tons should not be cupelled above the neighborhood of 800° C. 
It was noticed in these tests, as in the case of the cupellation of 
silver (page 60), that as the loss of gold increased the color of the 
litharge in the cupels became more green. To determine whether 
this green color had any significance, a gold button weighing 
1.4 grammes was cupelled at an ordinary temperature and the 
cupel was quite green. .On assaying this cupel .00154 grammes 
of gold were recovered, showing a loss of .11 per cent by absorp- 
tion. 

The following table shows the effect of copper on the cupella- 
tion of gold. 

Lead, gold, and temperature constant, copper varying. 



No. 



Gold 

C.P.. 

Grammes. 



Lead, 
Gram.mes. 



Copper. 



Temp. 
C. 



Per 
Cent 
Loss. 



Mean of 
the Two 
Nearest. 



Ratio of 
Lead to 
Copper. 



I 

2 

4 
5 
6 

7* 
8 

9 
10 
II 
12 
13 
14 
15 
16 

17 
18 



.20181 
. 20104 
. 20288 
.20110 
.20318 
.20102 
. 20142 
.20138 
.20024 
.20060 
.20048 
.20100 
.20101 
.20161 
.20422 
. 20296 
. 20284 



775° 



5% 
(( 

10% 
(( 

(( 
<( 

20% 
25% 



• 15 
.16 
.18 

.20 

.10 

.2 

.2 

.2 

.II 

.26 

•13 
•56 
.20 
.28 
.21 
•31 



•155 
.19 



.13 



.165 
•25 



1000 to I 

n 
tt 

500 to I 

<( 
(( 

333 to I 

(< 

<( 
250 to" I 

200 to I 



* Buttons 7-18 gained in weight. 

Many very interesting things are shown in this series of cupel- 
lations. All the gold beads showed the presence of copper except 
the first series, in which 5 per cent was used. When 10 per cent 
was used the amount left in the button was a little more than 
the usual gold loss (.i6%) at 775°, so the buttons, after cupellation, 
were practically the original weights. All the buttons blicked, 
and even in some tests, in which 50% of copper was used, a fair 
blick was obtained. 

The tests show with the high ratio of 1000 of lead to i of cop- 
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per that 5 per cent of copper will be oxidized during cupellation, 
for the gold loss in that series was about normal. 

These results are contrary to what Napier found, who says 
that '*the greater the amount of copper and the greater the heat, 
the more gold is then lost, and that gold, when alloyed with copper, 
is more volatile than when alone." 

T. K. Rose says: "If the proportion of copper is increased, 
more gold is absorbed by the cupel." 

Effect of Increasing the Ratio of Silver to Gold upon the Loss 
of Gold. — It is claimed by some assayers that the addition of ten 
times as much silver to the assay, as the amount of gold sup- 
posed to be present, will decrease the loss of gold during cupel- 
lation. Very thin and rather soft cupels are also said to be 
advantageous. 

The few following tests do not seem to show this, for it will 
be remembered that the results from many tests, made under 
like conditions as to lead and temperature, with no silver present, 
show a gold loss of .155 per cent. 





Silver. 


C.P. 


Gold after 


Loss in 


Per Cent 


Lead. 


Temp. 




Gold. 


Cupelling. 


Weight. 


Loss. 


Grammes. 


c. 


I 


I.CXXX) 


.10054 


.10043 


.00011 


.11 


10 


775° 


2 


I. 0000 


. 10164 


•10133 


.00031 


•30 






3 


•35000 


.10100 


.10077 


.00023 


•23 






^4 


.35000 


.10214 


. 10184 


.00030 


.29 






*i 


I. 0000 


.10175 


.10160 


.00015 


•15 






*2 


I. 0000 


.10116 


.10090 


.00026 


.26 







* The cupels in these tests were very fine-grained, very soft and very thin, i.e., | to i 
inch thick. 

Good litharge crystals were on all the tests. 

Experiments at the Royal Mint in England show that there 
is almost always a small amount of silver left in the gold after 
parting, that is, about .09 per cent. This is called the surcharge.* 

If strong nitric acid (1.42 sp. gr.) is used, this amount of silver 
may be sUghtly decreased, but the gold will begin to dissolve. 

When sulphuric acid is used for parting it is said that less 

* Surcharge, as defined by T. K. Rose, *'is the algebraical sum of the losses of 
gold sustained during the various operations and the amount of foreign substance, 
chiefly silver, left in the gold cornet when weighed. 
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silver is left in the gold, and no gold is dissolved, but there are 
the following disadvantages in its use: 

1. It must be used full strength, which renders it liable to 
bump violently when boiled. 

2. Lead and platinum are not dissolved. 

3. Difficulty of washing the gold, which must be done very 
carefully. 

4. Sulphate of silver is not very soluble in water; so if much 
silver is present the first washings must be made with dilute sul- 
phuric acid. 

SPECIAL METHODS. 

ASSAY OF ZINC-BOX RESIDUES FROM THE CYANIDE PROCESS.* 

** Several methods, both wet and dry, for the assay of zinc- 
box residues from the cyanide process, have been described in 
recent years, and each of them has been claimed to be superior 
to all others. In the year 1901, a paper, entitled * Assay of 
Zinc Precipitates,' was pubhshed in the School 0} Mines Quar- 
terly to the purport that the scorification method for th^ assay 
of zinc-box residues was absolutely unreliable. 

In order to shed light on this matter, the following experi- 
ments were undertaken by Messrs. C. B. HoUis and F. D. Kehew, 
undergraduate students at the Massachusetts Institute of Tech- 
nology. 

The zinc-box residues used were obtained through the cour- 
tesy of Mr. H. R. Batcheller. The samples were very rich and 
varied greatly in the fineness of their condition. 

Scorification Assays. — In the preliminary tests, the charge, 
which was weighed on a chemical balance, consisted of o.i A.T. 
of residues mixed with from 30 to 35 grammes of test-lead and 
placed in a 3-in. scorifier, over this an additional quantity of 
test-lead (from 30 to 35 grammes) was placed for a cover, and 
borax glass, varying in quantity from 3 to 15 grammes, was 
sprinkled over the top of each charge of the various assays for a 
cover. The charges were scorified in a muffle-furnace heated 

* Transactions American I nstitute of Mining Engineers, October, 1903- 
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to the ordinary temperature which is used in scorification; in 
some cases the door of the muflfle was left open, while in others 
it remained closed. Generally, the charges spit badly, espe- 
ciahy in the assays that were made with door of the muffle left 
open, or in those in which the door was opened too quickly. 
The results of the preliminary assays showed: i. That in order 
to obtain approximately uniform results, the material submitted 
to the assay must be in sufficiently fine condition to pass through 
a 2oo-mesh sieve. 2. That the ordinary chemical balances are 
not sufficiently delicate to afford accurate results in handling 
these residues, which are so rich in gold and silver. 3. That a 
large quantity of borax glass is absolutely necessary (from 3 to 10 
grammes for o.i A.T. of residues); and 4. That spitting can 
be avoided, provided the muffle be heated to a high tempera- 
ture before the introduction of the charge, and provided the 
door of the muffle be kept closed until the contents of the scorifier 
have become thoroughly Uquefied; after this the temperature 
may be lowered. 

The quantity of zinc-box residues received amounted to 
458 grammes, and, upon sizing, it was found that 146 grammes, 
or 31.8 per cent, remained upon a i2S-mesh screen; 64 
grammes, or 13.9 per cent, passed through a 125-mesh screen 
and was caught on a 160- mesh screen; and 248 grammes, or 
54.1 per cent, passed through a 160-mesh screen. The entire 
quantity of residues was then put on a 160-mesh screen, and 
the material that sifted through was treated on a 200-mesh 
bolting-cloth, yielding 290 grammes of very fine material, less 
than 200-mesh in size, on which the tests were made. 

In order to mix the sample thoroughly, the entire quantity 
of fine material was placed in a 38-oz. bottle closed with a 
glass stopper and steadily shaken for 20 minutes, the bottle and 
its contents being alternately shaken and rotated. The mixed 
material was then poured out upon a glazed paper, on which it 
was rolled 100 times, finally being spread out in a thin layer 
covering an area 18 in. square. Spatula samples to the num- 
ber of 450 were then taken, which constituted a new sample, 
Y/eighing 102 granmies. A chemical analysis of the new sam- 
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pie showed that it contained 9.09 per cent of copper and 14.3 
per cent of zinc. 

The assays were made in a muffle-furnace heated with coke, 
and the cupels used were of the ordinary bone-ash variety made 
at the Institute of Technology. Ninety per cent of the mate- 
rial forming the cupels was of sufficient fineness to pass through 
an 80-mesh screen. 

Four charges, Nos. i, 2, 3, and 4, each of 0.05 A.T. in 
weight, were weighed on an assay balance sensitive to 0.02 of 
a miUigramme and treated as follows: 

No. I. 0.05 A.T. of the residues was mixed with 35 grammes 
of test-lead in a 3-in. scorifier; 30 granynes of test-lead were 
then added to the top of the charge, followed by a cover of 10 
grammes of borax glass. 

No. 2. The same as No. i. 

No. 3. 0.05 A.T. of the residues was mixed with 6 grammes 
of litharge in a 3-in. scorifier. Additional test-lead was added, 
amounting to 40 grammes, followed by a final cover of 10 grammes 
of borax glass. 

No. 4. 0.05 A.T. of the residues was mixed with i 
gramme of fine charcoal and 35 grammes of test-lead; the 
mixture was then covered with 30 grammes of test- 
lead and a final cover of 10 grammes of borax glass. 



Front. 



The scorifiers were placed in the muffle as shown in 
Fig. I. The muffle was very hot and the door was 
kept closed for about 5 minutes, after which it was 
opened. 

Charge No. i spit badly, doubtless due to its position in the 
muffle; charge No. 3 spit to a slight extent; while charges 
Nos. 2 and 4 did not spit. Charge No. 4 became covered over 
very quickly, owing to the charcoal in the mixture, but the 
resultant button of lead was so large that it was necessary to 
rescorify it. Although zinc ores require a high temperature 
for fusion, the heat was lowered as soon as possible after 
the muffle was opened, in order to slag off the copper and 
avoid a second scorification. The fused material poured well 
and the color of the scorifier indicated that the buttons could 
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be cupelled with safety. Both the slags and the cupels were 
assayed by the crucible method, the results being given in 
Table I. The silver and gold beads from the slag of charges 
Nos. I and 2, and those from the cupels used in tests Nos. 2 
and 3, sank into the cupek which were reassayed. This addi- 
tional assay may account for the low results in silver and gold 
that were obtained in tests Nos. 2 and 3. 

The silver-gold beads were weighed, but, as they did not 
contain sufficient silver to part them, they were recupelled, 
with the addition of chemically pure silver; the cupels of this 
latter cupellation were not reassayed. The parting was done 
with nitric acid of i.ij6, 1.20, and 1.27 specific gravities. The 
results obtained are given in Table I. 

Charges Nos. 5, 6, and 7, which were similar in all respects 

to charges Nos. i and 2, were next weighed and placed in the 

muffle as indicated in Fig. 2. The temperature of 

the muffle was that used in the ordinary assay, and 
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the door of the muffle was kept closed for 10 min- 
utes. It was then opened and charge No. 6 was 
seen to spit twice; the door was then closed, and, 
through an opening in the muffle, charge No. 6 was 
seen to spit a third time. The door of the muffle was then 
opened and the scorification completed. The slags and the 
cupels from these charges were assayed as in the former tests, 
the results being given in Table I. 

In order to ascertain whether a scorifier of larger size would 
be beneficial or not, charge No. 8 was assayed in a 3-in. scori- 
fier, and charge No. 9 in a 4- in. scorifier. Charge No. 8 con- 
sisted of 0.05 A.T. of residues placed in the bottom of a 3-in. 
scorifier and covered with 65 grammes of test-lead, followed 
with a final cover of 10 grammes of borax glass. Charge No. 9 
consisted of 0.05 A.T. of residues, prepared as in charges 
Nos. I, 2, 5, 6, and 7, with the exception that a 4-in. 
scorifier was used in place of a 3-in. one. The tests were placed 
in the muffle as shown in Fig. 3. The muffle was closed and 
both charges were seen to spit badly. They were then allowed 
to become covered and were later poured and treated in a manner 
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similar to the earlier tests. From the results of these tests, which 

are given in Table I, charges Nos. 8 and 9 were 

rather pecuhar. The gold in No. 9 was very low, the , ^^' ^'^ 

silver was very high, and an exceedingly large quantity 

of silver was recovered from the slag. Charge No. 8, 

also, showed a high percentage of silver in the slag. 

The cause of these odd results was not apparent. 

Charges Nos. 10, 11, and 12 were then made as follows: 

Charge No. 10 consisted of 0.05 A.T. of residues, 60 grammes 
of test-lead, 10 grammes of Htharge, and 12 grammes of borax 
glass, thoroughly mixed together in a 4-in. scorifier. 

Charge No. 11 consisted of 0.05 A.T. of residues mixed with 
30 grammes of test-lead; on this were placed an additional 
30 grammes of test-lead, followed by a cover of 10 grammes 
of htharge and a final cover of 1 2 grammes of borax glass. 

Charge No. 12 consisted of 0.05 A.T. of residues mixed with 
30 grammes of test-lead in a 4-in. scorifier, over which were placed 
30 grammes of test-lead and a final cover of 14 grammes 
of borax glass. Charges Nos. 10, 11, and 12 
were placed in the muffle as shown in Fig. 4, and 
the door of the muffle was kept closed for 10 min- 
utes. Charge No. 10 fused very quietly and did not 
even tend to jump. Charge No. 11 was less quiet, 
but did not spit, and charge No. 12 was quiet. The 
charges were allowed to become covered and were then poured, 
the resultant buttons, slags, and cupels being assayed as in the 
former tests. (See' Table I.) 

The results from charges Nos. 11 and 12 were low, and the 
gold obtained from charge No. 10 was especially so. The silver- 
gold button obtained from the assay of the cupel used for charge 
No. 10 sank into the cupel, which had to be reassayed. 

Charge No. 13 was similar to charge No. 10, and consisted 
of 0.05 A.T. of residues, 60 grammes of test-lead, 10 grammes 
of litharge, and 12 grammes of borax glass, all thoroughly mixed 
together in a 4-in. scorifier. 

Charge No. 14 consisted of 0.05 A.T. of residues and 30 
grammes of htharge, mixed together in a 4-in. scorifier, and 
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covered with 30 grammes of test-lead, with a final cover of 12 

grammes of borax glass. 

Charges Nos. 13 and 14 were placed in a hot muffle in the 

position shown in Fig. 5. The muffle was then closed for la 
minutes. Charge No. 13 fused quietly and had no 
tendency to spit, while charge No. 14 spit several 



13 
14 



times after the door of the muffle was opened. These 
charges were treated in a manner similar to the pre- 
vious tests, except that, in the assay of the cupel of 
test No. 14, trouble was encountered with the silver- 
gold button, which accounts for lack of results given under this 
heading in Table I. The results for gold in tests Nos. 13 and 14 
were low, an effect which seems to be true of all assay charges 
containing Utharge. 

A complete summary of the data obtained in tests Nos. i to 
14, inclusive, are given in Table I; and in Table II are given 
the weights of the lead buttons and other data relative to the 
assays of the slags and cupels of these tests. 

A study of the results shows that the addition of charcoal 
to the charge seems to aid the scorification. Also, that all charges 
in which litharge was used (Nos. 3, 10, 11, 13, and 14) gave low 
results for gold. The addition of the Utharge, however, seemed 
to prevent the spitting of the charge during fusion. 

The value of the residues in gold lies evidently between 4690 
and 4698.4 oz. per ton, as the results from 6 of the 14 charges 
are within these limits, and 3 of these 6 are practically identical, 
i.e., 4694 oz. The results for silver in 4 of the tests were between 
4175.2 and 4179.6 oz. per ton; 4178.5 oz. per ton being taken 
for the quantity present. 

Estimating the value of gold at $20.67 per oz. and silver at 
$0.50 per oz., the value per ton of the residues was: for gold, 
$97,025, and for silver, $2,089. On the basis of these values, a 
comparison of the highest and lowest content of gold as deter- 
mined by the scorification method and the percentage of varia- 
tion from the correct value is: — 

Ounces above, 4.4, value $91, or 0.09 per cent. 
Ounces below, 96.8, value $2,000.85, or 2.06 per cent. 
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The extremely low results of test No. 10 (54.8 oz., valued at 
$1,132.71, or 1. 16 per cent) are omitted from this calculation. 

Summarizing the results of the determinations of silver in a 
similar manner, there were obtained the following figures: 

Ounces above, 495.5, value $247.7, or 11.85 P^r cent. 

Ounces below, 30.1, value $15, or 0.72 per cent. The high 
results obtained in test No. 9 (87.9 oz., valued at $43.95, or 2.1 
per cent) were not included in this calculation. 

The results for the silver determinations were less uniform 
than were those for the gold, but the value is apparently between 
4175 and 4220 oz. per ton, 9 results out of the 14 being within 
this range. The charges containing litharge gave low results 
for silver in 2 out of 5 cases. 

The quantity of gold found in the slags was generally less 
than that found in the cupels — a result which is unusual. 

From the results obtained in tests Nos. i to 14, the best method 
for the treatment of these zinc-box residues is as follows: — ^The 
charge should consist of 0.05 Assay Ton of residues mixed with 35 
grammes of test-lead in a 3 or a 4-in. scorifier and covered with 
a layer of 30 grammes of test-lead, followed by a final cover of 
from 10 to 12 grammes of borax glass. The filled scorifier should 
be placed in a hot muffle (in order that the fusion shall occur 
rapidly), and the door should be closed for fully 5 minutes after 
the charge has been fused. During the time that the door is 
closed, no air whatever should enter the muffle. When the charge 
has become thoroughly fused, the door of the muffle should be 
opened and the remainder of the assay conducted in the usual 
manner. 

Confirmatory Wet Assa3rs. — ^In order to confirm the results 
•obtained in the scorification assays, Mr. HoUis made a duplicate 
determination of gold and silver in the zinc-box residues by the 
wet method of Mr. C. Whitehead. These results (charges 
Nos. 15 and 16) were respectively, for gold = 4698.8 and 4694.8 
oz. per ton; and for silver = 3841.6 and 3555.6 oz. per ton. 
The results for gold are practically the same as those obtained in 
the scorification assay. The results for the silver, however, 
are very much lower and are doubtless due to the incomplete 
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precipitation of the silver bromide which is soluble to a certain 
extent in too strong a solution of potassium bromide. This 
effect is analogous to the action of silver chloride, for if a solution 
of silver nitrate be precipitated by salt in a solution that is not suffi- 
ciently diluted, all of the silver chloride will not be thrown down> 
some of it being dissolved in the strong brine. 

The residues were assayed also by the wet method suggested 
by Messrs. Charles H. Fulton and C. H. Crawford,* which is 
called the 'combination wet and dry method of assay.' 

The method was used exactly as described, with the excep- 
tion that the filter and content were not scorified, but were as- 
sayed in a glazed crucible after having been separately burned. 
The data obtained by the combination wet and dry method 
are given in Table III. 

The data given in Table III show that the results for gold 
were somewhat lower than those obtained by the scorification 
assay, while those for silver were very much lower. 

Crucible Assays. — ^Three portions of residues were taken, of 
0.05 A.T. weight, and to each were added 15 grammes of soda, 10 
grammes of borax glass, 90 grammes of Utharge, and 2 grammes 
of argols; an excessive quantity of Utharge was used, in order 
to slag the copper and the zinc. The fusion was made in a * G ' 
crucible,, which had previously been glazed with borax glass, 
and each charge was fused for 35 minutes. One charge ate 
through the crucible, one would not pour, the third only seeming 
satisfactory. The results of the good test are given in Table IV,. 
charge No. 22. Four additional charges were made, Nos. 23, 
24, 25, and 26, all similar to No. 22, with the exception that the 
quantity of borax glass was increased to 15 grammes in each 
charge. These charges worked satisfactorily in the furnace, 
but the results, which are given in Table IV, were not all that 
was hoped for. 

The data given in Table IV show that the results for gold 
and silver averaged much lower than the quantities obtained 
in the scorification assays. The quantity of silver obtained 

♦ School of Mines Quarterly, January, 190T, p. 157. 
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"Was very much lower, a result which may be due to the large 
quantity of litharge used in the charge, or to the quantity of 
copper present in the sample. The slag also from the crucible 
assay is richer in both silver and gold, and the second slags and 
second cupels should have been assayed — an omission which 
is to be regretted. 

In order to verify the results obtained in the scori&cation 
method by Mr. Hollis, a duplicate set of experiments were made 
by Mr. Kehew on residues from the same lot of samples. Mr. 
Kehew conducted the assays in a muffle that was fired by gas, 
and measured the temperature of the experiment tests by a Le 
Chatelier pyrometer. 

The same care was observed in taking the samples, and the 
same button-balance was used to weigh the samples, although 
a different set of assay weights was used. 

Three charges were made, as follows: 0.05 A.T. of residues 
was mixed with 35 granunes of test-lead in a 3-in. scorifier; on 
this were placed 30 grammes of test-lead and a final cover of 10 
grammes of borax glass. The charges were placed in a very 
hot muffle, which was of the dimensions 12 in. by 6.25 in. by 4 in., 
and the door was closed for 5 minutes; the door was then opened 
and the heat lowered. No spitting took place. The charges 
were run so that they were just driving, but upon pouring it was 
found that the temperature had not been sufficiently high to 
decompose all of the charge. The results were therefore rejected. 
Three similar charges were then made, Nos. 27, 28, and 29, 
Fig. 6. ^^^ placed in the muffle in the position shown in Fig. 6. 
The test was conducted as before, but at a higher 
temperature (780° C. by pyrometric measurement). 
The resultant lead buttons were too large for cupella- 
tion and they were rescorified, with the addition of 2 
grammes of silica. The second lead button was cupelled, weighed, 
recupelled, with the addition of C.P. silver, and parted with 
three strengths of nitric acid, having specific gravities, respectively, 
of 1. 1 6, 1.20, and 1.28. The results obtained are given in 
Table V. 

By noting the position of these charges in the muffle, it is 



27 

28 
29. 

Front. 
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seen that the quantity of gold found in the slag increased with 
the increased temperature, i.e., it was greatest in the back of 
the muffle and least in the front. 

Owing to the fact that these assays as conducted in a 3- or 
3. 5 -in. scorifier yielded a button of lead which was too large to 
cupel, the subsequent assays were allowed to become covered 
over with the slag, which was then poured as much as possible; 
the scorifier was then replaced in the muffle and the scorification 
continued until the *lead eye' was of a diameter of 0.5 in.; the 
content of the scorifier was then poured. 

Charges Nos. 30, 31, 32, and 33 were of the same composition 
as Nos. 27, 28, and 29, and were placed in the muffle in the po- 
sition shown in Fig. 7. The slags from these assays 
were ground, passed through a 40-mesh sieve and 
assayed. The buttons from two of the assays passed 
into the cupel and were lost; the other two were 
weighed and parted. The data given in Table V 

Front. , ^ , ^ , , ° ^ 1 , . 

show that more gold was recovered from the slag m 
tests Nos. 31 and 33, which were in the back of the muffle, than 
in Nos. 30 and 32, which were in the front. The temperature 
in the back of the muffle was 780° C, while in the front it was 
720° C. 

Charges Nos. 34 and 35 consisted of 0.05 A.T. of residues, 
mixed with 6 grammes of litharge in a 3-in. scorifier, having 
placed on top 40 grammes of test-lead, followed with a cover of 
10 grammes of borax glass. The charges were placed in a very 
hot muffle and the door closed for 10 minutes, after which it 
was opened and the temperature allowed to fall to 780° C. As 
soon as the buttons had become covered, the slag was poured | 

from them, but the buttons finally obtained were too large for , 

cupellation and had to be rescorified. All slags and cupels were , 

assayed as usual. Although charge No. 34 was fairly satisfactory, 1 

for some unaccountable reason the results for charge No. 35 were I 

too low. i 

Charges Nos. 36 and 37 consisted of 0.05 A.T. of residues, 
mixed with 65 grammes of test-lead with a cover of 10 grammes 
of borax glass, and charges Nos. 38 and 39 consisted of 0.05 
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A.T. of residues, with lo grammes of litharge and 30 grammes 
of test-lead, having an additional quantity of 30 grammes of test- 
lead placed on top with a final cover of 10 grammes of borax 
glass. Charges Nos. 36 and 38 were placed at the back of the 
muffle and Nos. 37 and 39 at the front. The temperature of 
the muffle was maintained as nearly as possible at 790° C. Owing 
to the door of the muffle having been opened too soon, charges 
Nos. 37 and 39 spit, the former quite badly. The slag from 
No. 38, which was at the back of the muffle, contained more gold 
than that from Xo. 39, which was in front, but the slag from 
charge No. 37, in the front, carried more gold than that of No. 36, 
which was at the back. 

Considerable difficulty was encoimtered in parting the but- 
tons when the ratio of silver to gold was 2.5 to i, even after they 
were annealed and rolled thin. No difficulty resulted, how- 
ever, when the ratio was 3.5 to i. The data pertaining to these 
assays are given in Tables V and \T. 

Taking the best results, i.e., charges Nos. 27, 28, 29, 30, 31, 
32, 33, 36, and 37, an average of 4699.2 oz. gold per ton is ob- 
tained; the difference between the highest and the lowest results 
being 18.4 oz., which corresponds to 0.39 per cent. Averaging 
the results for silver from these assays, the figure of 4209.7 oz. 
per ton is obtained; the difference between the highest and the 
lowest results being 29.6 oz. per ton, or 0.7 per cent. 

In those charges in which litharge was used, Nos. 34, 35, 38^ 
and 39 (omitting No. 39), the average determination of the gold 
was 4697.3 oz. per ton, and of silver 4202.4 oz. per ton. 

A comparison of the final average results obtained from the 
scorification assays of the zinc-box residues, obtained by Mr. 
Hollis and Mr. Kehew, is given in Table \TI. 

Mr. Kehew confirmed his results of the scorification assay by 
the wet method of Mr. C. Whitehead, as follows: 0.05 A.T. of 
the residues was placed in a 250-c.c. casserole and 50 c.c. of 
water was poured over it, followed by 25 c.c. of strong nitric acid 
(sp. gr. 1.42). The casserole was then placed on a hot-plate J^d 
allowed to stand for 2 hours. The residue after filtration 
should have consisted of gold and other insoluble mateaal, but 
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the button obtained by cupelling this residue contained silver, 
which necessitated a second cupellation, with the addition of 
C.P- silver. The slags and cupels were assayed, the final results 
being given in Table VIII. 

TABLE VII.— COMPARISON OF RESULTS OF SCORIFICATION 

ASSAYS OF ZINC-BOX RESIDUES. 

Obtained by Mr. Hollis and Mr. Kehew. 





Gold* 


Silver. 




Ounces. 


Value at $20.67 


Ounces. 


Value at $0.50. 


Mr. Hollis * 


4694 

4699.2 
5-2 
O.II 


$97025 


4178.5 
4209.7 

0-75 


$2089 

2104 

15 


Mr. Kehew t 


Difference 


Difference percentage. . . 



♦ Using coke fuel. 



t Using gas fuel. 



TABLE VIII.— DATA OF ASSAYS OF ZINC-BOX RESIDUES BY THE 
WHITEHEAD WET METHOD. Mr. Kehew. 



Number of 
Charge. 


Gold. 


Silver. 


Total Content. 


Ounces per Ton. 


Total Content. 


Oxinces per Ton. 


40 
41 


0.23468 
0.23496 


4693.6 
4699.2 


0.20852 
0.20919 


4170.4 
4183.8 



The results for gold as shown in Table VIII are not as high 
as those of many of the scorification assays; the results for silver 
are quite a little lower, and confirm the results obtained by Mr. 
HoUis. 

From the foregoing experiments the following conclusions 
may be drawn: 

1. That the zinc-box residues must be in a sufficiently fine 
state of division to pass at least through a 200-mesh screen. 

2. That assay-balances, or balances of equal delicacy, must 
be used for weighing the residues. 

3. That the results obtained by the scorification assay, when 
properly made, are as accurate for the determination of the 
gold as those of any other method tried, and more accurate for 
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silver than the Whitehead wet method or the combination wet 
and dry method. 

4. That the most satisfactory charge is 0.05 A.T. of residues, 
mixed with 35 grammes of test-lead in a 3- or 4-in. scorifier, with 
30 grammes of test-lead placed on top and a final cover of 10 
grammes of borax glass. 

5. That a large quantity of borax glass is^ absolutely neces- 
sary. 

6. That the spitting of the charge can be avoided by placing 
the scorifiers in a very hot muffle, keeping the muffle door closed 
for at least 5 minutes after the charge had become fused, and then 
opening the door and reducing the temperature to from 780° to 
800° C. 

7. That the addition of a small quantity of Utharge to a charge 
seems to lessen the danger of spitting, but when so added the 
results for silver will probably be low." 

ASSAY OF COPPER MATTE, COPPER BARS, OR COPPER FOR GOLD. 

Take four, eight, or twelve portions of -^ A.T. or of -^ A.T. 
each, place in 3" or 3^" scorifiers, and proceed through the 
first scorification as in Method II imder Silver Assay, page 47. 
Then, instead of placing the lead button resulting from each 
scorification in a separate scorifier, place four buttons in one 
scorifier, add sufficient lead to bring total weight of buttons and 
lead up to 75 or 100 grammes, add i gramme of fine SiOj and 
I gramme borax glass, and proceed as before. Continue scorifi- 
cation until lead button is fit to cupel. 

If there is not sufficient silver present for parting, add some 
and cupel the lead button as usual. 

Combining four lead buttons in this way seems to give more 
satisfactory and higher results than if the four lead buttons are 
carried through separately and the four silver and gold beads 
parted together. 

Some claim that the gold absorbed by the cupel is very much 
less where the amount of silver added is large than it is when 
just two and one-half times the amount is present or is added. 
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Combination Wet and Dry Method. — Unless special pre- 
cautions are taken, this method will give lower results for gold 
than the all-scorification method. 

Mr. W. R. Van Liew has shown in the Engineering and 
Mining Journal, April 28, 1900, that nitrous acid (HNO2) com- 
bined with HNO3 dissolves gold, and this more readily in a hot 
than in a cold solution. Nitric oxide (NO) , nitrogen peroxide 
(NO2), and nitrogen trioxide (NgOg) combined with nitric acid 
have no appreciable effect on gold whether the solution is hot or 
cold. 

Mr. Van Liew recommends the following method for copper, 
copper bars, etc. 

"Take two samples of i A.T. each. Treat with 350 c.c. of 
very cold water and 100 c.c. of HNO3 (sp. gr. 1.42) in beakers 
and set aside in a cool place. The heat evolved, by the conver- 
sion of NO to N2O3 and NO2, is considerable, but owing to the 
bulk of water present the temperature is kept down to 15*^ or i6® C. 
At this temperature and with the degree of acid strength the 
dissolving of the copper takes place very slowly. At the end of 
18 or 20 hours enough acid is added to take in solution the rest 
of the copper; this amount will vary from nothing to 30 c.c. 
HNO3 (sp. gr. 1.42), depending upon the fineness of borings or 
granulations. At the end of 24 or 26 hours the solution of the 
copper is complete. Instead of removing the lower oxides of 
nitrogen by boiling or heat, air, at a pressure of 2 oz., is conducted 
through a pointed glass tube, when the space between the surface 
of the solution and the watch-glass, clear until then, becomes 
filled with the reddish-brown fumes of N2O3 and NOg. At the 
end of 20 or 30 minutes these lower oxides of nitrogen are entirely 
removed. Any form of hand-blower can be substituted for the 
production of air in place of compressed air. 

" By this method of solution heat is applied at no stage of the 
process, and the loss of gold is thus minimized. 

*' Experiments having shown that no difference was made, 
whether the gold was filtered oflf before or after the addition of 
the normal NaCl solution, there was added to the cold solution 
of Cu(N03)2 an excess of from 2 to 4 c.c. of normal NaCl solution. 
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besides that amount necessary to precipitate all the silver present. 

" The next morning the AgCl is filtered off, the entire contents 
of the filter washed to the point of the filter-paper, and the mass 
of AgCl covered with 4 to 6 grammes of test-lead. The drained 
papers are then placed in 2Y' scorifiers, whose bottoms contain 
about a gramme of test-lead; the papers are then«dried and burned 
in a furnace not yet to a temperature of incipient redness, the 
filter-papers not being allowed to bum to a complete ash in the 
furnace, but, removed at the end of the yellow flame of the papers, 
have, when they attain a heat sufficiently great to bum the carbon 
of the charred paper outside of the fumace, this slow combustion 
taking place at a temperature too low to cause any loss of Ag in 
being reduced from AgCl. At the end of 20 minutes the papers 
will have ashed, when no more lead is added, but from 3 to 4 
grammes of PbO and 3 to 4 grammes of borax glass. 

" The copper alf having been washed away in transferring the 
AgCl to the point of the filter, no scorification is necessary to get 
rid of any impurities, so this operation is merely one of melting 
and collecting the Ag and Au, the scorifier being poured as soon 
as the slag is hot enough. The resulting buttons of lead weigh 
from 4 to 5 grammes, and are cupelled at a temperature giving 
heavy htharge feathers, and allowed to blick at the temperature 
they are run, there being no difficulty as to every trace of lead 
going off when no other impurities are present. When run this 
way, duplicates easily check on the silvers within 0.2 and 0.3 oz. 
The time of operation is 48 hours, instead of 24 hours by the usual 
method." 

Results by this method on rich material should agree within 
0.02 or 0.03 of an ounce. 

Determination of Gold and Silver in Star Antimony.* — 

" First Method. — Pulverize fine. Take 500 grains and mix with 
3000 grains of litharge. Transfer to a small earthen crucible and 
heat at a red heat until the contents are tranquil, which will 
be about 15 minutes. The crucible is partly covered during the 
operation. 

* See Journal of Society of Chem. Industry, vol. 12, April 29, 1893, by E. A. 
Smith. 
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Pour, and when cold separate the button from the slag, scorify 
and cupel. Weigh the button and part in the usual manner. 
The slag may be cleaned by re-fusing it with some litharge and 
charcoal. 

Second Method. — ^Take antimony, 500 grains; litharge, 
1000 grains; nitre, 200 grains; carbonate of soda, 200 grains. 
Fuse at a dull red heat until quiet, the crucible being partly 
covered. Time of fusion about 15 minutes. The buttons of lead, 
which should be perfectly malleable and weigh about 500 grains, 
can be cupelled directly. The slags should be cleaned as in 
first method. The results are very satisfactory, and apparently 
more so than in the first method." 

Determination of Gold and Silver in Metallic Bismuth. — ^Take 
^ AiT. or I A.T. of the metal in the condition of borings or of 
chippings and cupel directly. Bismuth cupels as readily as lead, 
but the temperature should be kept lower. 

Weigh the resulting bead and part in the usual manner. 

One authority claims that the bismuth can be recovered from 
the cupels as follows: 

Break off and discard all that portion of the cupel not stained 
by the oxide. Grind through an 80-mesh sieve. Fuse in a cru- 
cible with the following charge: 



Mix thoroughly, after 
reserving a small 
amount of soda and 
borax to place on 
top. 



' Cupel and bismuth oxide, i A.T. 

Fluorspar 24 grammes 

NajCOg 12 

Borax 6 

Charcoal i " 



Fuse as usual, pour, and weigh the resulting button of metallic 
bismuth. 

Assa3ring Solutions containing Gold. — These solutions are 
generally either cyanide or chloride of gold. Upon them I have 
tried the following methods : 

I. Solution evaporated with 25 to 30 grammes of litharge. 

2.' " " " 3 to 5 grammes of silica and 15 

to 30 grammes of litharge. 

-3. Solution evaporated with 3 to 5 grammes of silica, 5 



i66 NOTES ON j4SSAYING. 

grammes of borax glass, or lo grammes borax and 30 grammes 
litharge. 

4. Solution evaporated with ^ gramme soap and litharge and 
silica. 

5. Solution evaporated with i gramme SiOj and i gramme 
of either coarse or fine charcoal. 

6. Solution evaporated to a very small bulk and added to the 
charge already weighed out in a glazed crucible. 

7. Solution evaporated in a lead-tray. 

The amount of solution taken may be 2 A.T. to 500 or 1000 c.c, 
depending upon the amount of gold in the solution. In regard to 
the methods, I would say that I have given them to different 
students, and some find one method most satisfactory and some 
another. 

Methods 7, 2, and j. — ^A given bulk of the solution is evapo- 
rated in a casserole or evaporating-dish over a steam-bath. 
Towards the end, the contents of the vessel are frequently stirred 
to prevent the litharge settling and forming a hard layer on the 
bottom of the dish. The object is to keep the material granu- 
lar and prevent its sticking to the dish. When dry it is fused 
with some soda and a reducing agent in a crucible which has 
been previously used, or one glazed with borax, and the result- 
ing lead button is cupelled. 

If any of the residue sticks to the dish, it may be removed by 
rubbing it with a little fine silica or glass, which is then added to 
the rest of the charge in the crucible. 

Method 4 is conducted in the same manner as i and 2. The 
soap is added to prevent spattering. 

Method 5. — ^This seems to work especially well upon solutions 
of AuClg, for the Au is precipitated in a metallic state upon the 
charcoal. This charcoal is then added and mixed to the regu- 
lar charge which has been weighed out in a glazed crucible and 
the charge fused. The Uttle particles of gold, in this case, are 
in direct contact with the carbon, as it reduces lead and it makes 
a most satisfactory fusion. Coarse charcoal seems preferable 
to fine. 

Method 6. — ^This is the least reliable, because, unless the cru- 
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cible is well glazed and shows no cracks, some absorption by the 
crucible will take place. 

Method 7. — ^If the solution contains only salts of gold and is 
not acid, this method seems preferable to any of the preceding, 
because the lead tray and its contents can be cupelled directly. 
If the solution is acid, it will of course corrode the tray, and if 
many salts, Uke CaSO^ are present, the tray and contents can- 
not be cupelled, but will have to be scorified, which of course is 
not desirable in an assay for gold. Test the lead-tray with water 
to see if it is tight before adding the solution. Towards the end, 
when little solution is left, the lamp should be turned out. 

In any of the methods where the solution is evaporated and 
the residue transferred to a crucible, the most important thing 
is to see that this residue does not stick hard to the vessel in 
which the evaporation has taken place. A slight adhesion does 
no harm, for this can easily be removed by rubbing the vessel 
with a little fine silica. 

If the solution is very poor in gold, it will be necessary to add 
C.P. Ag when cupelling and then part the resulting button. If 
the solution carries both Au and Ag, a separation will of course 
have to be made. 

Some results obtained are as follows: 



Lot A. 


LotB. 


Run VI. 


LotC. 


Method. 


Gold in 

I so c.c. 

KCy.AuCy. 

Grammes. 


Method. 


Gold in 

200 c.c. 

Grammes. 


Method. 


Gold in 

200 c.c. 

Gcammes. 


Method. 


Gold in 

200 c.c. 

AuQa. 

Grammes. 


I 
2 
6 


.00115 
.00117 
.00114 


I 

2 

6 


.00296 
.00290 
.00298 


2 
2 
2 
2 


.00474 
.00470 
.00478 
.00474 


I 
I 
I 


.01089 
.01088 
.01090 



The results in Lot C were checked by precipitating the 
gold from 200 c.c. of solution with FeS04, which gave .01087 
grammes as an average of four determinations, and also by 
HjS, which gave .01084 grammes as an average of three determin- 
ations. 

The gold in a solution of AUCI3 can also be determined by 
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throwing it down by means of HjS, FeS04, oxalic acid, or alumin- 
ium-foil. 

Filter on a small filter, and while the filter-paper and contents 
are still moist wrap in C.P. sheet lead and cupel with or without 
the addition of C.P. Ag, as it seems best. 

The cupelling is most successfully done by having a cupel very 
hot, bringing it out to the mouth of the muffle and then dropping 
in the C.P. lead and contents. Allow the filter to bum slowly, 
and gradually push the cupel back into the muffle until the lead 
begins to drive. If any little pieces of lead appear on the sides 
of the cupel, tip the cupel and collect them. 

Electrolytic Deposition. — ^This is probably the most accurate 
of any of the methods, and either solutions of AuCy,KCy or AuClg 
can be valued by it. 

AuCy,KCy Solution, — ^Take. the same amount of solution as 
in the other methods and evaporate to loo or 125 c.c. For elec- 
trodes take thin pieces of C.P. lead-foil and attach to platinum 
wires. Keep the Pt wires out of the solution. 

Use about .05 to .12 amperes. Allow to run overnight. 

The lead cathode, with deposited metals, is then detached, 
placed on a piece of C.P. sheet lead, wrapped up tightly, and 
cupelled directly. 

The following are some comparative results: 

Solution No. a. Solution No. iS. 

AuCy.KCy AuCy.KCy 

(150 c.c). (150 c.c). 

Electrolytic Gold .054 oz. Silver .381 oz. Gold i .35 oz. 

Evaporation with PbO and 

silica ** .058 oz. ** .385 oz. ** 1.35 oz. 

Cyanide Solutions. — ^Mr. Alfred Chiddey* suggests the fol- 
lowing method: "Introduce into a porcelain dish 4 A.T., or 
more, of the solution to be assayed, add 10 c.c. of a 10 per cent 
solution of acetate of lead, then 4 grammes of zinc shavings; 
boil a minute, add 20 c.c. of HCl. When the action has ceased, . 
boil again; wash the spongy lead with distilled water; transfer 
it with a stirring-rod to a piece of filter-paper; squeeze into a 
compact lump and place in a hot cupel. 

* Eng. and M. J., March 28, 1903, p. 473. 
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" The mouth of the muffle should contain a piece of dry pine 
wood, so that the muffle is filled with flame at the moment of 
introducing the spongy lead. 

" In the case of very dilute nearly pure gold solutions I would 
suggest the addition of a known quantity of nitrate of silver dis- 
solved in cyanide before adding the acetate of lead." 



CHAPTER V. 

ASSAY OF ORES FOR LEAD. 

Lead fuses at 327° C, sp. gr. = 11.35, atomic weight = 206.95. 
The principal ores of lead are: 

Galena, PbS (sp. gr. 7.4 to 7.6), with 86.6% lead when pure. 
Cenissite, PbCOj (sp. gr. 6.46 to 6.57), with 77^% lead when 
pure. 

Anglesite, PbS04 (sp. gr. 6.12 to 6.39), with 68.3% lead when 
pure. 

Pyromorphite, 3PbO,P205+PbCl3 (sp. gr. 6.5 to 7.1), with 
76.3% lead when pure. 

Besides these we have many complex compoimds, such as 
Boumonite, PbS +Cu2S+Sb2S8 (sp. gr. 5.7 to 5.9). 
Jamesonite, 2PbS+Sb2S3 (" " 5.5 to 6). 

While the assayer may be given ores or concentrates similar 
to the first four, he usually has submitted to him ores or products 
of a much more complex and a much baser character, such as 
PbS+FeS2+PbC03 in a quartz or silicious gangue; 
PbS+ZnS+FeS2 " " calcareous or siUcious gangue; 
PbS + PbCOa " " calcareous gangue. 

He may also have submitted to him furnace products, Utharge 
(92.86% lead when pure, sp. gr. 9.2 to 9.36), old cupels, slags, 
etc. Although the fire assay for lead is less accurate than the 
wet method, still it is in general use at smelting works for assay- 
ing ores and furnace products, because lead ores are always bought 
and sold on this assay and not upon the wet analysis. 
The reasons for its inaccuracy are the following: 
I St. Because lead and lead sulphide are both volatile at 
moderate temperatures. Results low. 

170 
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2d. Because impurities of various kinds (Cu,Sb) are reduced 
with the lead and pass into the button. Results high. 

3d. Because of the tendency that lead and its compounds 
have to slag, which tendency is increased by the presence of 
arsenic, antimony, and zinc. Results law. 

For these reasons we must be especially careful of the heat, and 
the slag must be made as simple as possible, easily fusible, and 
must not be too acid. 

For convenience, lead ores may be divided into — 

I St. Those which contain sulphur. 

2d. Those which do not contain sulphur. 

Our object, in either class, is to flux the gangue of the ore 
and reduce the lead present, from whatever combination it may 
be in, to metallic lead; therefore the simpler we are able to make 
the fluxes the lower we may keep the heat, and the shorter the 
time of fusion the better it will be. Keep, however, in mind 
that the ore must be decomposed and the slag perfectly Uquid. 

The ores should, Uke those for the assay of silver and gold, 
be fine enough to pass through a loo-mesh sieve and should have- 
been dried at 100° C. 

Make all fusions in a muffle-furnace, unless specified otherwise^, 
and report the results in percentage to first plcLce of decimals^ 

The assay consists of a reducing fusion with iron and some 
reducing agent, such as argols, charcoal, flour, etc. The reducing 
agents take away the oxygen from the PbO present or formed 
during the fusion, and the iron removes the sulphur: 

2PbO+C = 2Pb+C02; PbS+Fe=FeS+Pb. 

Nails, iron, or iron crucibles are absolutely necessary, whether 
there is sulphur present in the ore or not, for three reasons: 

I. 4K2C03+7PbS = 4Pb+3(K,S,PbS) + K2SO,+ 4CO,. 

By adding iron we obtain 

(K2S,PbS) + Fe = (K2S,FeS) + Pb. 

That is, if iron was not present, the double sulphide of lead 
and the alkali, used as a flux, would pass into the slag giving; 
low results. 
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2. PbS+Fe=FeS+Pb. 

3. 2PbO,SiO,+ 2Fe = 2FeO,Si02+ 2Pb. 

The siliceous impurities are generally quartz, feldspar, and 
complex silicates; the basic ones are limestone and oxide of iron. 
The gangue may also be barite and sometimes fluorspar. 

The fluxes employed are sodium or potassium carbonate for 
the silica, borax glass for the oxides and limestone, fluorspar for 
barite, argols or charcoal for a reducing agent, and iron as a 
desulphurizer. 

In this assay, as in the assay of ores for silver and gold, we 
find the following: 

Silver and gold in the ore both pass into the lead button. 

Copper goes partly into the lead and partly into the slag; a 
high temperature and a great excess of reducing agent will tend 
to make it pass into the lead. 

Zinc partly volatilizes, partly slags, and a small quantity passes 
into the lead. 

Antimony goes partly into the slag, but most of it into the lead. 

Arsenic (depending upon the temperature of the fusion) either 
forms a speiss with the iron present or else partly slags and partly 
volatilizes. (See page 120.) This speiss is lighter than the lead 
and will be found as a round brittle button on top of or embedded 
in the lead. From the foregoing data it will be seen that if our 
ore is very impure, that is, if it contains much Cu, Sb, or As, our 
results will be rather unsatisfactory. In ores of this character we 
have to resort to the wet analysis. 

Sulphide Ores. (Fusion in the muffle.) — ^Sulphate of lead, 
either natural (anglesite) or obtained from chemical works, is 
treated in the same manner. 

It is recommended to use at least 10 grammes of the material 
to be analyzed and if possible 20, for my experience is that 
10 grammes give better results than 5, and 20 oftentimes better 
than 10. 

The following proportions of fluxes to ore will serve as an 
example for our assays. Refractory sulphides, like sulphide of 
zinc and those with a basic gangue, will probably require an addi- 
tional amount of borax glass. 
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Mix 

in the 

crucible. 



Ore I0-20 grammes'* 

(Na,C03. lo 
* Na,CO,... ^oorj^cOa.. lo 

Borax glass • • • 3-S " 

Argols 5 '' 

Nails (tenpenny) 5 

Cover of salt ij" deep if possible. 

The soda and potash, besides acting as fluxes, probably act in* 
this way: K2C03=K20+C02; PbS+K20+C=K2S+CO+Pb. 

If the borax glass is used in too large quantity, it will make the 
slag too acid, and the lead will pass into it. In a clean galena 
we shall need only a gramme or two, while in limestone carrying 
PbS or in an ore carrying much ZnS we shall require as much as 
6 or 8 granmies. In place of nails as a desulphurizer, some assay- 
ers use coils of coarse wire or a strip of broad iron bent on the 
curve of the crucible. Using 5 grammes of ore has always giveni 
me lower results than when using 10 grammes. If, however, 5, 
granmies are used, diminish the soda and borax glass a little, but 
keep the argols and the nails the same. 

Fusion in the Muffle. — Place the crucible, by means of a pair 
of tongs, into a good hot muffle and close the door of the muffle 
with a plate or with some charcoal or with both. When the con- 
tents of the crucible begin to fuse, which is indicated 
by small jets of flame leaping up from the interior of K^ 
the crucible, close the draft of the furnace and lower 
the temperature, to prevent the contents of the cru- 
cible from boihng over. When the danger of this is 
over, keep the heat at scorifying temperature or lower 
for 20 to 25 minutes, then raise the temperature for 15 
to 30 minutes more to the greatest temperature of the 
muffle. The whole period of fusion should be from 35 \J 
to 55 minutes,- depending upon purity of the ore and 
the character of its gangue. Take the crucible from the furnace, 
hut do not set it down, catch the rails with a pair of small hand- tongs, 
tapping them gently while they are in the slag, and then remove 

* With 10 grammes of ore use A, and with 20 grammes of ore use B crucible. 
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them. (If the nails have drops of lead all over them, the fusion is 
not complete.) Pour the fusion into a mould and when cold 
separate the lead from the slag and hammer clean. Weigh to 
second place of decimals and report the result in percentage. Dupli- 
cate assays should agree within one half of one per cent, and a 
pure galena should give 83^% to 84% of lead. 

The following fluxes may be used in place of soda and argols: 

White Flux, made by deflagrating together equal parts of 
saltpetre and argols. 

Black Flux, made by deflagrating together one part of saltpetre 
with two or three parts of argols. 

Black Flux Substitute is a mixture of ten parts of carbonate of 
soda and one to three parts of flour. 

Cyanide of Potash Method. (Fusion in the muffle.) — ^This 
method has one great advantage over any of the preceding ones, 
in that it can be done at a much lower temperature. Still it 
seems to give lower results than the ordinary muffle assay or the 
iron-crucible assay, which may be due to the KCy holding some 
lead sulphide in solution. The charge is made up as follows: 

Ore, 10 grammes; KCy, 25 grammes. Mix. (The KCy is 
a deadly poison !) Fuse for 25 minutes at a low temperature* and 
look out for fumes: 

PbO+KCN = Pb+KCyO, also PbS+KCy=Pb+KSCy. 

Sulphide Ores. (Fusion in pot-furnace.) — ^These ores may 
be assayed in this way, using the same or larger quantities of ore 
and fluxes as were used in the muffle assay. The method is much 
more difficult, however, and great care has to be exercised in the 
heat, otherwise the loss by volatilization will be very great. 

When we have a rich or fairly pure ore we can make an assay 
O in an iron crucible to great advantage. The crucible, which 
^j should be of very heavy wrought iron, takes the place of the 
nails and acts as the desulphurizer. 
Slags, Furnace Products, or Ores Very Poor in Lead. (Fusion 
in pot-furnace.) — ^These can be assayed to advantage in the pot- 
furnace, for we can use a large quantity of slag or of ore. Use E 
or F crucible. 
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Slag 30 grammes 

Bicarb, soda 60 * * 

Borax glass o to 5 * ' 

Argols 6 * * 

Nails (2opemiy). . i 



The following charges I have found to work very satisfactorily: 

Ore 30 grammes 

(Limestone carrying J to 2% of PbS) 

Mix \ Bicarb, soda 60 grammes 

Borax glass 15 ' ' 

Argols 8 '* 

Nails (2openny) 2 

Cover of salt ij" thick. Cover of salt ij" thick. 

Keep in the furnace 25 to 35 minutes after the fusion has taken 
place. Results by the above fusions, on low-grade ores or slags 
running from 2 to 5 per cent, check very closely (.2% to .3%). 
If the material is so poor that no lead button is obtained, 200 or 
more grammes of it can be taken, panned, and the concentrates 
assayed. From this assay figure the amount of lead in the original 
material. 

The method of adding a known amoimt of silver to the slag 
to be assayed and then subtracting this from the lead button 
obtained I have found inaccurate and imsatisfactory, also the 
method of adding a given quantity of PbO and allowing for the 
lead contained therein. 

Sulphide Ore^ in Iron Crucible. (Fusion in pot-furnace.) — 
Ores should be quite pure. 

Place in the 

Ore 50 grammes [ bottom of the 

crucible. 

Mix and 

place upon 

the ore. 



Potash (K2CO3) 5^75 

Borax glass 8-10 

Flour 8 

Cover of salt i^" thick. 

If 25 grammes of ore are taken, use only 5 to 6 grammes of 
borax glass, 30 of potash, and 5 of flour. 

Fuse for about 12 minutes or until fairly quiet, that is, imtil 
foaming ceases. Take the crucible from the furnace, let it cool 
a minute or so, and then pour as usual. 

Class n. Ores Containing no Sulphides. (Fusion in the 
muffle.) — ^Although these ores may be assayed in the pot-furnace, 
the student is recommended to use a Battersea A or B crucible, 



176 



NOTES ON ASSAYING. 



or one similar in size, and make the assay in the muffle. Conduct 
the assay as in Class I (muffle fusion). Mix the ore with the 
fluxes, but never have the crucible more than two thirds full. 
For substances given below use the following: 





No. 1. 


No. 3. 
Lead 


No. 3. 


No. 4. 


No. s. 




Lead 


and 




Lead 


Lead 
SiUcate. 




Carbon- 
ate. 


Copper 
Carbon- 


Cupels. 


Phos- 
phate. 






ate. 








Ore, grammes. . 


10-20 


10-20 


10 or 10-20 


10-20 


10-20 


Bicarb, soda, " 


1S-15 


10 


20 10 


30 


20 


Potash, 


5-10 


15 


— 10 




— 


Borax glass, '* 


3- 3 


5 


10 10 


5 


2 


Argols, " 


7- 7 


4 


8 8 


5 


s 


Sulphur, 





I 


— — 






Nails (tenpenny) 


3- 3 


— 


3 3 


2 


3 



Cover of i J" of salt in each case. 

Ores containing MnOj or FcjOj require an additional quan- 
tity of argols. A mixture of carbonate of soda and carbonate of 
potash is more fusible than either one alone. 

In the phosphate ore, phosphate of soda and PbO form; 
the argols then act and, as in all the other cases, reduce the 
PbO to Pb. Iron is used in all the charges except in No. 2. It 
is used in the silicate because lead is not easily reduced from sili- 
cate of lead except in the presence of iron. Sulphur partly de~ 
composes the singulo-silicate, and carbon reduces some of the lead 
from a bisilicate, but in order to extract all the lead it must be 
set free by a basic flux, and this is the reason that metallic iron 
sets free all the lead from all fusible lead silicates: 

2PbO,Si02+ 2Fe = 2FeO,Si02+ 2Pb. 

This is probably the reason why in the assay of cupels and 
other non-sulphide substances we obtain higher results when iron 
is used than when it is not, for siUcate of lead is either present 
or it is formed ' during the fusion from the ingredients of the 
crucible itself and the PbO, or from the gangue of the ore and 
the PbO. 

A bright button, separating easily from the slag, indicates too 
great a heat or too long a fusion. A bright coating between the 
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button and the slag indicates too low heat or imperfect decom- 
position. 

Cu, As, Sb, Zn, or S may caxise buttons to be brittle. 

Cu and Sb may cause them to be hard. 

General Remarks upon the Lead Assay. — ^As has been previ- 
ously stated, it seems advisable to use as much of the substance as 
possible for the assay without filling an A or B crucible more than 
two thirds. In the West they formerly used 5 grammes, but the 
writer finds that the results are lower with 5 grammes than when 
10 or 20 are used. Where a large amount of work is being done 
the fluxes are mixed together in proportions somewhat as follows: 
5 parts carbonate of soda, 
7 ' * carbonate of potash, 
2 '' flour, 
\ part borax glass. 
This mixture is kept in stock, a given quantity measured out and 
placed in the crucible; the ore is then weighed out, thoroughly 
mixed with it, and a layer of salt placed on top. 

In regard to the temperature used and the time given to the 
fusion, some assayers recommend a short quick fusion, others a 
long one, even up to ij hours. Some do not pour the fusion, but 
allow it to cool in the crucible, which, when cold, is broken. It 
seems to the writer that it is more a question of having the tem- 
perature just right at the beginning of fusion, that is, during the 
first 15 or 20 minutes, when the main bulk of the substance is 
being decomposed and the lead compounds reduced to metalUc 
lead, than it is a question of length of time of the fusion. The iron 
of course must not be covered with globules of lead when the 
fusion is poured, for this is a sure indication that it is not com- 
plete. 

My reason for thinking it a question of temperature at the be- 
ginning is, that if six or more students are given an ore carrying, we 
will say, 82% of lead, and they are all told to use the same charge 
and fuse for 50 minutes in the muflBe, some will obtain 81% to 82% 
and others only 74% to 78%; the ore, the charge, and the time 
being the same in every case, it stands to reason the fault must 
be with the temperature. 



CHAPTER VI. 
BULLION. 

Bullion. — ^In the Engineering and Mining Journal of Febru- 
ary, 26, 1898, Messrs. C. Whitehead and T. Ulke in an article 
"The Assaying of Silver Bullion," say: 

"Silver bullion, broadly speaking, is classified as follows: 
Dor€ bars are such as contain gold and base metals (chiefly 
Cu, Pb, often Sb, and sometimes S), together with from 925 to 
990 parts of silver. 

**Fine silver bars are those which are free from gold and suSi- 
ciently free from alloys to render them fit for coinage and for use 
in the*arts. They average from 990 to 999 parts of silver per 1000. 

"Base bars contain a large percentage of base alloys, usually 
Pb, Sb, or Cu, from 100 to 925 parts of silver per 1000, and often 
gold. 

"At the United States mints and assay offices bullion con- 
taining less than half its weight in gold is classified as silver bul- 
lion, and the silver contained can not be purchased, but must be 
returned to the depositor in the shape of fine silver or merchant's 
bars (999 fine), while both the gold and silver in bullion with 
50% and over of gold (classified as gold bullion) will be paid 
for by the Government. Except in the case of fine bars, from 
which only cuttings are taken, as in the case of gold, silver alloys 
are melted, thoroughly stirred, and are then sampled in the fol- 
lowing way: One or more portions, depending upon the weight 
of the deposit, are dipped from the melting-pot and poured from 
a height of 3 feet in quantities of about an ounce, in a fine stream, 
into cold water. The resulting granulations are carried in cop- 
per cups to the assayer's laboratory. However, in addition it 
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is advisable for the assayer to take two chips from silver bars, 
as the chip and the granulation samples check closely in gold 
and near enough in silver to identify the samples, should an 
interchange of melts have occurred. After drpng the granu- 
lations by heat, about 1-5 ounces is reserved in the assay 
room and the remainder returned. The sample lots are now 
laid out upon a board containing cup-Uke sockets bored at regu- 
lar intervals and numbered. A granulation from each sam- 
ple is next hammered and rolled into a thin strip, this being 
merely for convenience in cutting for the adjustment in weigh- 
ing the assay. Each strip is laid beside its kindred granulations 
and numbered by stamping. The board is now removed to 
the assayer's weigh-room»" 

The silver is determined by the volumetric or Gay-Lussac 
nssay, a full description of which will be found in the above 
article. 

Lead Bullion or Base Bullion. — This may be lead carrying 
cither silver or gold or both silver and gold, but it is seldom as 
pure as this and generally contains Cu, As, Sb, Zn, and similar 
impurities. 

The bullion may be in bars or in the condition of borings or 
of cuttings. Samples for assay 
are taken from the bars or pigs 
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by sawing, cutting, punching, or boring them. 

Dip samples, taken when the bullion is melted, or those taken 
by sawing, are the most accurate. Never cut samples off the cor- 
ners of a bar. Composition of the same pig varies in places. 
G. M. Roberts, in Trans. A.I.M.E., shows that samples taken 
from side of moulds or ingots may be richer than the rest of ingots. 

Preliminary Test. — To determine if the bullion can be cupelled 
directly, take i gramme or so (do not weigh it) and drop it into 
a hot cupel. If impurities like Cu, Sb, As, Sn, etc., are present 
in considerable quantity, the bullion will not drive, or else will 
drive and then freeze after a short time. 

Regular Assay. — If the bullion will not cupel, take two or three 
portions of \ A.T. each, scorify with an additional amount of 
lead (30 to 45 grammes), and then cupel. 
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Bullion containing tin often gives trouble; therefore if J A.T. 
of it will not scorify with an additional 45 grammes of lead and 
some borax glass, decrease the amount of bullion and increase 
the amount of lead and borax glass, and continue to do this until 
it scorifies satisfactorily. It is simply a question of more lead and 
borax glass, provided the heat is suflBciently high. 

If the bullion cupels, weigh out carefully two or three portions 
of \ A.T. each, and be sure that each contains the same propor- 
tion of coarse and fine drillings as are contained in the bullion 
sample. Take two or three pieces of C.P. sheet lead which weigh 
the same, and wrap each lot of bullion in a piece of lead so that 
the whole is very close and compact. This should be done in a 
scorifier: in case the lead wrapping breaks, any bulUon coming 
out will be saved. If the lump is not compact, it may overflow the 
cupel while melting, or else leave small particles on the sides of 
the cupel, whch will not come down into the main button. 

Keep the heat so low that feather crystals 0} PbO will always 
form. Have two or three hot cupels in the muffle to cover the 
others with as soon as the blick occurs. Have the buttons solidify 
as quickly as possible to avoid loss of Ag, and withdraw from the 
furnace slowly to avoid sprouting. 

Sprouted buttons should be rejected. 

BulHon up to 400 oz. should check within J oz. for total Ag 
and Au. 

The buttons are cleaned, hammered, or rolled out, weighed, 
and parted as described under Assay of Gold Ores. 

Report results in ounces per ton for both Ag and Au in bul- 
lion under 500, i.e., carrying less than 50% of both metals. 

Experiment. — Take or cut off from the base bullion given to 
you about 35 grammes. If not fine or in small pieces, cut it up 
and mix thoroughly. Weigh out accurately on the pulp-balances 
two portions of ^ A.T. each. 

Weigh out two portions of C.P. sheet lead from 10 to 15 
grammes and have them balance. Wrap the bullion up very 
tightly in these. 

Have the cupels hot and drop the bullion into them, and 
cupel with feather litharge crystals. When buttons blick, cover 
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with hot old cupels, which have been heating in the back of 
muffle, and withdraw slowly from furnace. 

Clean and weigh the silver and gold beads. Part for gold. 

Report the following: 

1. Weight of C.P. lead used. 

2. Time of cupellation. 

3. Amount of lead oxidized per minute, including lead in bul- 
lion taken. 

4. Ounces per ton in gold. 

5. '' '' '' '* silver. 

Silver Bullion containing no Gold. — Silver and gold bullion 
are reported, not in ounces per ton, but in fineness or parts in 
a thousand. That is, if the bar of bulUon carries 95% of silver 
and 5% of gold, we say it is 950 fine in silver and 50 fine in gold. 

The best three methods for determining the silver contents are: 

ist. Fire assay. Cupellation with C.P. lead. 

2d. Volumetrically, with a standard solution of salt. 

3d. Volumetrically, with a standard solution of sulphocy- 
anide of potash (German method)'. 

The first and second methods require a preliminary assay to 
determine the approximate fineness of the bullion to be assayed. 

Preliminary Assay, — Calculate as per pages 183 and 184, see 
also page 185. On the fine button-balance weigh out .5000 grammes 
of the bullion, wrap it in about 5 grammes C.P. lead-foil and 
cupel carefully, keeping the heat low enough to form the litharge 
crystals, but not so low as to freeze the button. Take the button 
from the cupel, clean, hammer, and weigh it carefully in the 
usual manner. Part the button to see whether there is any 
gold in it,' and then calculate the approximate fineness of the 
bullion. 

The whole object of the work, thus far, is to ascertain the 
approximate composition of the bulHon; having done this, the 
** check assay" can be made to correspond, so that if it is found 
that there are .475 grammes of silver in .500 grammes of bulUon, 
weigh out .4800 grammes of C.P. silver, wrap it up in 5 grammes 
C.P. lead-foil and cupel by the side of the regular assay. We 
weigh out .480 grammes in this case because fine bulUon gener- 
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ally loses between 4 and 5 milligranimes when .500 grammes of 
bullion are used. 

Whatever the percentage loss of silver the "check" or "proof 
assay" shows it is fair to assume that the bulUon being assayed also 
sustains. 

For this reason I prefer to figure the percentage loss and 
make up the check as per the examples given on pages 183 and 
184, rather than work by the table on page 187, taken from Van 
Furman's Manual of Practical Assaying. 

From his table the amount of C.P. silver-foil can be figured 
that it will be necessary to use in the check assay, if the work 
is being done by the first method, and the amount of bullion to 
use if the second method is employed. 

Actual Assay. — Calculate as per pages 183 and 185. 

Weigh out as accurately as possible two portions of the bullion, 
say .49900 and .49980 granunes. Wrap each just as compactly as 
possible in 5 grammes C.P. lead-foil, so the bullion will not spread 
in the cupel. Make up the proof or " check " as shown by the 
preliminary assay, weighing it out just as accurately as the bullion, 
and wrapping it in exactly the same amount of C.P. lead-foil as 
was used with the two samples of bullion to be valued. 

Have three cupels heated hot, side by side in the muffle, and 
then drop the three buttons quickly into them, placing the check 
in the middle one. Close the door of the muffle, that the buttons 

BalUon Check Ballion 
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may " drive " as soon as possible and all at once. When they are 
"driving," open the door immediately and cupel them at as low 
a temperature as possible without freezing, always obtaining the 
feather litharge crystals; push back into muffle just before blick- 
ing. Endeavor to have them "blick" together, and then draw out 
slightly toward the front of the muffle untU they chill. Just as 
soon as they have done so, cover them over with hot cupels or hot 
scorifiers, which should have been heating in the muffle; with- 
draw slowly from the furnace to avoid sprouting, cool, hammer. 
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clean, weigh, and part for gold. In bullion containing gold all 
three buttons have to be parted (see page i86). 

Example No. i. — Preliminary Assay. (To determine the ap- 
proximate fineness of the bullion.) 

Take, for instance, 49909 gms. of bullion. 
Silver foimd after cupellation, i.e., the 
bullion was wrapped in C.P. lead 
and cupelled 49^44 gms., or 98.47% 



Loss = .00765 grammes. 

The amoimt of silver in this loss is probably .00500 ± granmies, 
and the remainder impurities in the bullion. 

Actual Assay. (To determine actual fineness of bullion). — 
Weigh out accurately two samples of the above bullion. 

Suppose they weigh as follows: 

Sample No. i. Sample No. 2. 

. 49900 grammes. .49980 grammes. 

Average =.49940 grammes. 

To determine the amount of silver to weigh out for the 
check, take 

Preliminary ^ samples •^- ^o^^^d in Silver for 

assay. taken. preliminary. check. 

.49909 : .49940 :: -49144 : 5P= .49674 

.00500 ± Supposed loss. 



.49644 

The two samples of bulUon and the ** check " are wrapped in 
pieces of C.P. sheet lead, all of the same weight (six or more 
grammes) , and cupelled. 

No. I sample . . .49900 Check (C.P. Ag). .49674 No. 2 sample.. .49980 
After cupelling. .49152 After cupelling. . . .49230 After cupelling.. .49230 

.00444 =.89% loss of silver. 
.*. 99.11% : 100% :: .49152 silver found in sample : 5P (silver in sample if there 

No. I had been no loss of silver) 

^-.49593; ••• -^7^ = 99.38% or 993.85 fine. 
. 49900 

Sample No. 2 is calculated in the same way. 
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Example No. 2. — Preliminary Assay. — Bullion taken =.5000 
grammes. Silver found =.2500 grammes. 

Suppose the loss of silver =. 00500 ± granunes. 

Then the silver in the bullion is probably . 255 ± grammes 
and the impurities " " " are " . 245 ± " 

Acttial Assay. 

Bullion No. i. Bullion No. 2. 

.5000 grammes. . 48000 grammes. 

Average = .49000 grammes. 

Therefore .5000 : .4900 :: .2550 : :v= .2499 grammes. 

C.P. silver-foil to be weighed out for " check " = . 2499 grammes. 

Impurities like copper materially affect the loss of silver, and 
as we wish to have the " check " correspond as nearly as possible 
to the bullion, a like amount of copper is to be added to the 
" check. " This bullion should be wrapped in 15 to 20 grammes of 
C.P. lead. 

In Mitchell's Assaying (page 628) is found the following 
table in regard to an alloy of silver and copper: 



Standard 

of 

SUver. 


Quantity of 
Copper Alloyed. 


Amount of Lead Necessary 
to Add. 


Relation of Lead 


1000 





Vio grammes or as small 








an amount as possible 


— 


950 


50 


3 grammes 


60 to I 


900 


100 


7 " 


70 to I 


800 


2CX> 


10 


50 to I 


700 


300 


12 


40 to I 


600 


400 


14 " 


35 to I 


500 


500 


16 to 17 grammes 


32 to I 


400 


600 


16 to 17 


27 to I 


300 


700 


16 to 17 


23 to I 


200 


800 


16 to 17 " 


20 to I 


100 


900 


16 to 17 


18 to I 



** Long experience has proved that silver opposes the oxidation 
of copper by its affinity, so that it is necessary to add a larger 
amount of lead in proportion to the quantity of silver present." 

Sufficient lead must be added to cause the button to unite 
well. If too great an excess is used, however, the loss of silver will 
be large, owing to the duration of the cupelling process. Some 
assayers prefer to add the lead to the cupels at first, have it 
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driving well and then drop the sample of bullion, wrapped in 
thin C.P. sheet lead, into the lead which is already driving. 

As has been previously shown, if the cupels used in the bullion 
assays and check are saved, pulverized, and assayed by the cru- 
cible method, about 90% of the silver found to have been lost 
will be recovered from the cupel. This shows that the loss 
sustained during cupellation is largely due to absorption. The 
remainder of the loss can be accounted for by volatilization. 

Some experiments seem to show that 5 parts of lead are 
required to cupel an alloy of 900 Ag and 100 Cu in the middle 
of the muffle, 10 parts in the front, and 3 parts in the back; i.e., 
the higher the heat the less lead is required. 

Silver Bullion containing Gold. — Preliminary Assay. (To 
determine the approximate fineness of the bullion.) — ^Weigh out, 
say, .49850 granmies of bulUon, wrap it in from 3 to 5 grammes 
of C.P. lead-foil and cupel. 

After cupelling, button weighs. ... .49000 grammes * 

Probable loss in Ag 00500 ± " 

(Gold loss is supposed to be very 

small.) 
Impurities 00350 ± " 

.49850 ± " 
That is to say, the silver in the bullion, originally taken, is 

probably . 48500 ± grammes. 

Actual Assay, (To determine actual fineness of bullion.) — 

Weigh out, for example, . 49860 and . 49880 grammes of buUion. 

The average = .49870 grammes. 

Then the silver in the check will be 

Prelim. Av. of two Ag probably 

btillion. samples. in prelim. 

.49850 : .49870 :: .4850 : rv= .48519 
The gold will be 

.49850 : .49870 :: .0100 : :x?=.oioo 

*Ag=. 4800 = 96.28% 
Au=.oioo 

.4900 grammes 
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We now have 



Sample No. i. Check. Sample No. 2. 

.49860 C.P. Ag foil 48519 .49880 grammes 

Au from parting 
preliminary oiooo 



Wrap them in three pieces of C.P. lead-foil which balance 
each other; 4 to 6 grammes will probably be enough, but it must 
be sufficient to bring the bulUon all into one globule, when melted. 

After cupelling: 

Sample No. i. Check. Sample No. 2. 

Ag+Au 49005 

Au from parting oiooo 



Ag 48005 

Ag lost in cupelling 

Au " " '' 



49015 .49032 
00996 .01002 



48019 .48030 

00500 

00004 

Percentage Ag lost ^^—^ — = 1.03 

.48519 

Therefore .48005 (Ag foimd in sample No. i) must equal 

98.97%. 

Therefore 98.97 : 100 :: .48005 : :v=. 48505 

Fineness of No. i in silver = \/^ =972.82 

.49860 

Percentage Au lost ( ~ ) = .4 

\. 1000 / 

Therefore 99.6 : 100 :: .01000 : ji;= .01004 

Fineness of No. i in gold = -^ — --^ = 20.1-? 

.49860 

Impurities =.7% 

The fineness of sample No. 2 is calculated in the same way. 

Loss of Silver in Bullion containing Gold. — ^The following 
results, taken at random, will give an idea of the losses found 
by students when assaying bullion. 

Bullion taken varied from .4500 to .5040 granunes. Lead 
used, 3 to 6 grammes. 





BULLION, 


] 


Fineness 

in Silver. 


Fineness 
in Gold. 


Total Loss of Silver, i e. 

by Volatilization and 

Absorption by CupeL 

in Per Cent 


800+ 


50+ 


1-75 


972+ 


22+ 


51 


923+ 


39+ 


.60 


998 


2 


1.09 


974+ 


20+ 


.78 


969+ 


25+ 


.78 


996 


3-51 


.90 
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Wet Methods. — When the Gay-Lussac method with salt or 
the sulphocyanide method are employed, the bullion is often 
assayed by fire to determine its approximate fineness. The fol- 
lowing table is taken from Furman's Practical Assaying. 



If preliminary assay of 


The silver to be used 


C.P Lead. 


Bullion to be used 


.500 grammes gives 


in check is 


in Second Method. 


. 4900 grammes Ag 


• 49500 grammes 


5 grammes 






4800 


.48500 " 


5 






4750 


.480 


5 


1 . 042 grammes 




4500 


455 to .460" 


7 


1. 091 




4250 " 


430 to .435 ♦' 


8 


1. 156 




400 


405 to .410 '* 


10 *' 


1.227 




375 


380 to .385 ' 


II " 


1-307 




350 " " 


355 to .360*' 


12 


1-399 




325 


330 to .335 " 


13 


I 504 




300 


305 to .310" 


15 


I. 610 " 




250 " 


255 to .260 ** 


17 ' . 


1.922 " 




2CX> 


205 to .210 *' 


19 " 


2.380 


.150 


155 to .160 " 


20 


3-125 



Silver Bullion. Volhard's Wet Method. — ^This method depends 
upon the total precipitation of the silver in a strongly acid .solution 
(HNO3) by means of a standard solution of potassium sulphocy- 
anide (KCyS) or ammonium sulphocyanide (NH4CyS). The end 
point is shown by the supernatant clear hquid becoming a per- 
manent reddish-brown color (ferric sulphocyanide), when a solu- 
tion of ferric alum or ferric sulphate is added to the silver solu- 
tion as an indicator. 

The solution of KCyS can be made up in either of two ways. 

First. From the reaction AgNOg+KCyS-AgCyS-f KNO, 

we find that 97.17 parts of KCyS will precipitate 107.93 parts 

of Ag. It follows that i gramme of Ag will require .9003 grammes 

of KCyS. Now it has been found convenient to make the KCyS 
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solution of such strength that i c.c. will equal lo milligrammes 
of Ag. 

If, therefore, we dissolve 9.003 grammes of KCyS in H2O and 
make the solution up to 1000 ex., each c.c. of solution will, 
according to the reaction, represent 10 milligrammes of Ag. 

The KCyS is, however, very deliquescent, and it is difficult 
to weigh it out accurately ^ therefore the best way to do is to 
have a No. i beaker and weigh into it a little over 9 grammes 
of KCyS, dissolve this in distilled HjO, filter if necessary, and 
make up to i litre. 

The indicator may be cither a 10% solution of ferric sulphate 
or, better, a saturated solution of ferric ammonium sulphate 
(ferric alum). Make up about 100 c.c. of either; next weigh out 
two portions of C.P. silver of about .5 grammes each. Dissolve 
in 50 c.c. of HNO3 (sp. gr. 1.2) and boil to drive off nitrous jumes. 
Dilute with HjO to 200 c.c, allow it to get perfectly cold, and 
• add about 5 c.c. of the indicator solution. Titrate and stir con- 
stantly. The end-point is a permanent light reddish-brown 
color, and the supernatant Uquid should show no cloudiness. 

The KCyS solution will probably be too strong, more than 
9 grammes of the salt having been weighed out. It is an easy 
matter now to calculate the amount of HjO which must be added 
to the KCyS solution in order to make i c.c. of this solution 
equal to 10 milligrammes of silver. 

After having added the necessary amount of water, titrate 
the second C.P. silver solution. The KCyS ought now to be of 
such strength that each c.c. is exactly equal to 10 milligrammes 
of silver If this is not the case, the necessary correction should 
be made from the second titration and either water or a few crys- 
tals of KCyS added to the solution. Titrate again. 

Second Method for making up the KCyS. — Weigh out a little 
over 9 grammes of the salt and make up to i litre. Next weigh 
out accurately three or more portions of C.P. silver of about 
§ gramme each and titrate each of the solutions. They should 
agree very closely, and from them the value in silver of each 
c.c. of KCyS is calculated. 

Bullion Analysts. — If one prefer to take large amounts, 



BULLION. i8sr 

weigh out accurately two or more portions of i to 2 grammes 
each and titrate them separately; or weigh out i gramme or 
over, dissolve in 100 c.c. HNO3 (sp. gr. 1.20) or 30 c.c. of'strong. 
acid (sp. gr. 1.42), boil to drive off nitrous fumes, and make up* 
to 500 c.c. in a graduated flask. Shake the flask well, take out 
portions of 200 c.c. each and titrate. The results should agree 
within .05 c.c. 

The best method, however, seems to be to weigh out as closely 
as possible two or more portions of \ gramme each, dissolve in 
10 c.c. of HNO3, boil until nitrous fumes are driven off, cool, and 
add 50 c.c. of water and 5 c.c. of the indicator solution. Titrate 
as usual. The solutions must be cold and entirely free from 
nitrous fumes, and the amount of indicator added must be the 
same in each case. 

The KCyS does not change if kept cool and away from the 
sunlight. If upon titrating, the red color disappears, it is prob- 
ably due to the presence of nitrous acid or AgCl. Nitrous fumes 
and HNOs destroy the color in hot solutions. Copper may be 
present up to 70% and not interfere with the titration. Beyond 
this amoimt, the copper sulphocyanide thrown down obscures the 
end-point. Cuprous sulphocyanide is insoluble in the solution* 
Cupric sulphocyanide is soluble in the solution. Pb, Cd, Bi^ 
Zn, Fe, Mn, As, Sb, Sn, and Th do not interfere with the titra- 
tion. Hg, Co, Ni, CI, and palladium interfere with it. 

Results should agree to within .5 at least; that is, if one comes 
988.5, the other should not be lower than 988. 

Recovery of Silver from Solutions. — All the silver nitrate and 
silver sulphate solutions from parting, as well as all the solutions 
and residues from volumetric work, should be saved and the silver 
recovered. 

From Silver Nitrate. — When HCl or a soluble chloride is 
added to any soluble salt of silver, except the hyposulphite, a 
precipitate will be thrown down. 

This precipitate is soluble in NH4OH, sodium hyposulphite, 
sodium chloride, potassium cyanide, tartaric acid, and soluble 
sulphites. Owing to its solubility in a strong brine, HCl seems 
a more suitable precipitant than salt. 
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Have the solution boiling before adding the precipitant, and 
after adding it stir well until the AgCl collects in lumps, settles, 
and leaves a clear supernatant liquid. Filter and wash thor- 
oughly with hot water by decantation. 

The silver may be recovered from the AgCl in several ways; 
among the best are the following: 

1. Place the AgCl in a vessel, cover with water, add strips 
of zinc and sufficient H2SO4 or HCl to start action on the zinc: 

Zn+H2S04 = ZnS04+ 2H; 
2H+2AgCl=2Ag+2HCl. 

When the AgCl has all been changed to metallic silver, indi- 
cated by its dark appearance, wash with hot water until free 
from zinc salts, filter, and melt in a graphite crucible. 

2. Fuse the AgCl with sodium carbonate: 

2AgCl+Na2C03= 2Ag+ 2NaCl-f CO2+O; 

3. Mohr's Method. — Mix the dry AgCl with Yg its weight of 
resin and fuse in a crucible glazed on the inside or a graphite one. 
The hydrogen reduces the AgCl to Ag. 

Organic matter, cane and grape sugar also decompose the 
AgCl with a reduction of metallic silver. 

4. 4 AgCl+2CaO + C = 4Ag+2CaCl2+C02. 

From AgCyS. — Filter the solutions, wash and dry the AgCyS. 
Mix with ten times its weight of sodium carbonate, and fuse with 
a little borax in a crucible glazed on the inside. 

It is necessary to use a very large excess of soda, otherwise a 
silver matte (AgzS) will be formed besides the silver button. The 
reaction is probably as follows: 

2AgCyS+ 3Na2C03= 2Ag-f 2NaCy+ 2Na2S+ 3CO2+ 3O. 

Gold Bullion.* — Experiments at the mints seem to show that 

the amount of gold lost in cupellation increases with the amount 

of lead used, and decreases as the silver in the alloy increases. For 

this reason, as in the assay of silver bullion, we aim to use the 
* > 

* Mitchell's Assaying. 
T. K. Rose, Limits of Accuracy of Bullion Assay. 
Eng. and Mintng Journal^ Feb. 12, 1898. 
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smallest amount of lead that will oxidize and get rid of the impuri- 
ties in the bullion, and which, at the same time, will collect the 
sample or drillings in a good button when the assays first begin 
to drive. Copper also influences the loss and seems to have 
a greater affinity for gold than it has for silver. 

When the bullion contains this metal add 2 J to 3 times as 
much silver as gold and use the following proportions of lead 
(Mitchell's Assaying, page 759) : 



Gold, 
Parts in i ooo. 


Copper, 
Parts in looo. 


Amount of Lead required when 
I Gramme of Bullion is used. 


1000 
900 
800 
700 
600 
500 
400 to 100 




100 
200 
300 
400 
500 


10 ^m^ I gramme alloy 
^^ a I 10 grammes lead 

22 ." 
24 " 
26 " 
34 " 





The assay is made practically in the same way as in the silver 
bullion. First we make a preliminary assay to determine the 
approximate fineness. Weigh out, say, .5000 grammes, also 2J to 
3 times as much (C.P.) Ag, and wrap in some (C.P.) Pb. Cupel 
at as low a temperature as possible (feather litharge crystals), 
remembering that towards the end we must have a slightly higher 
temperature than in the silver bullion, to insure a good "blick." 
Gold melts at 1064° C. and silver at 961.5° C. Clean the but- 
ton carefully and weigh. ^ 

Anneal button, hanmier, anneal again, hanmier, and finally 
either hammer flat or else roll out into a thin strip. Part in 
the usual manner in HNO3 and weigh the resulting gold. 

Suppose our preliminary assay shows: 

. 39000 grammes of gold = 78% or 780 fine. 

.010 " of silver = 2% or 20 " 

.100 " loss and impurities 

(for instance, copper) = 20% 
From this we can make up our check, which should corre- 
spond to it as nearly as possible. That is, if we take 
. 5000 grammes of bullion, 
1 . 1900 * ' of C.P. silver (.395 X 3), 
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and wrap in 8 to lo grammes of C.P. lead-foil (780 fine; /. the 
Pb=i6X.S, page 191), our check should consist of 

.39500 grammes C.P. gold (This is supposing that J gramme 

of gold loses about .005 during 
cupellation.) 
1.2000 ** C.P. silver (1.19+.010 in the bullion.) 
.0950 '* C.P. copper 

Weigh out two portions of the bullion and wrap each in 8 
grammes of C.P. lead. Drop all three buttons into three hot 
cupels and conduct the cupellation so as to have feather litharge 
crystals. Weigh all three buttons carefully and part the check 
as well as the other buttons. Calculate the results as per pages 
183 and 185. 

Report the results in fineness to second place of decimals as 
in the silver bullion. For instance, 993.63 fine. 

If we wish to determine the silver in the bullion also, especially 
where it is present in very small amount, we shall have to use one 
of the wet methods. See also article by Mr. Cabell Whitehead^ 
Chemical Section, Franklin Institute, Sept. 15, 1891, "Use of 
Cadmium for Assaying Gold Bullion." 

At the mints, after the approximate fineness is obtained, just 
the right amount of silver is added to the gold, both are wrapped 
in C.P. lead and cupelled. The resulting button is rolled out 
thin, coiled into a roll, and placed in a small platinum capsule 
having openings in it. A dozen or more of these capsules are 
held in a platinum tray, which is then immersed in HNO3. 
Three strengths of acid are used in parting — 1.12, 1.18, and 
1.27 — and each boiling occupies 5 to 10 minutes. The washing 
with water is performed in the same trays, which are finally heated 
in a muflSe. Each Pt capsule should contain a little roll of gold* 



CHAPTER VII. 
ASSAY OF ORES FOR COPPER AND TIN. 

COPPER ASSAY. 

Copper melts at 1084° C. Sp. gr. 8.8 to 8.9. Atomic, 
weight 63.5. Copper determinations can, of course, be made 
most accurately by some one of the wet methods; still, when the 
ores are of quite a uniform grade, or where the analysis or 
character of the gangue is fairly well known, very satisfactory 
Jesuits can be obtained by the fire assay. It is especially adapted 
to places where laboratory conditions are poor and chemicals 
are not at hand. In the Lake Superior region, where the cop- 
per exists in the rock in a native condition, the assays of the 
products from the mills, many of which run over 60% copper, 
are made by the fire assay, and the results not only check closely, 
but are nearer the true value of the material than those obtained 
by wet analysis, because a much larger amount of the sample 
(50 to 100 grammes) can be used for a determination. 

Copper ores may be divided as follows: 

I. Sulphide Ores. 

Chalcopyrite, Cu2S,Fe2S3 (sp. gr. 4.1 to 4.3). Cu=34i%, Fe 

= 3oi,S = 35%. 
Erubescite, or Bomite, purple ore, 3Cu2,S,Fe3S3 (sp. gr. 4.9 to 5.4). 

Cu=55J%, S = 28.i%. 
Chalcocite, CujS (sp. gr. 5.5 to 5.8). Cu=79.8%. 
Covellite, indigo copper, CuS (sp. gr. 4.59 to 4.64). Cu = 66.4%. 

(Due to the weathering and alteration of chalcocite.) 
Enargite, 3Cu2S,As2S5 (sp. gr. 4.43 to 4.51). Cu=48.3%. 

These ores are of course seldom free from iron pyrites or 
other sulphides, and they may be also associated with arsenical 
and antimonial minerals and compounds. 

193 
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2. Oxide and Carbonate Ores. 
Cuprite, red oxide,' CuaO (sp. gr. 5.85 to 6.15). Cu=88.8%. 
Xenorite, or Melaconite, black oxide, CuO (sp. gr. 5.82 to 6.2). 

Cu = 79.8%. 
Malachite, green carbonate, CuC03,Cu(OH)2 (sp. gr. 3.9 to 4-03). 

011 = 57.46%. 
Azurite, blue carbonate, 2CuC08.Cu(OH)2 (sp. gr. 3.77 to 3.83). 

Cu = 55.29%. 
ChrysocoUa, silicate, CuSi03+2H20 (sp. gr. 2 to 2.23). Cu 

= 36.18%. 

3. Native Copper Ores, 

Before making the fusion, the ore to be tested must be in the 
condition of either Class 2 or 3, for if sulphides, sulphates, or 
any other of the compounds in Class i are present, a matte will 
be obtained as well as a copper button. The old English method 
(Cornish) of assaying a sulphide ore included the following steps: 

I St. Concentration to a regulus or matte. 

2d. Driving off most of the sulphur by roasting. 

3d. Reduction of black copper by fusion. 

4th. Refining the black copper. 

This necessitates a number of steps, and the following method 
will be found to simplify the process, two steps being used in 
place of four: 

Class I. Sulphide Ores. — ^These ores if smelted directly would 
give a matte; therefore take from 50 to 200 grammes of the ore 
(through 30- or 40-mesh sieve) and place in either a clay or iron 
roasting-dish. If the latter is used, it must be well coated with 
ruddle (FezOg+HjO) or chalk before using. Place this in a 
muffle which is hardly red (have the coke to only the bottom of 
the mufBe) and heat it very slowly, to avoid caking the ore. Stir 
the ore constantly at first (see notes on Gold Assay, page 117). 
The object of this work, as in the gold work, is to obtain a dead 
roast, i.e., a roast in which neither sulphates nor sulphides are left 
in the ore. Ij lime is present, some of it will be left as sulphate 
(2FeS+ CaC03+ 80 = Fe203+ CaSO, + SOj + CO2) ; everything 
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else will be in the state of oxides. We shall probably have 
CuO, FejOa, FegO^, SiOz, etc., in the ore at the end of the roast. 
The following are some of the reactions : 

Cu2S,FcS2+ 3O = 2CuS + FeO + SO^ ; 

2CuS+20 = Cu,S+S02; Cu2S+40 = 2CuO+S02; 

2FeO+0 = Fe203; 

CujS + 2CUSO4 = 2CU2O + 3SO2. 

Some of the sulphates and arseniates formed during the 
roast may be reduced by the addition of carbon, and the sul- 
phides and arsenides so formed are then broken up with the 
evolution 'of SO2 and AS2O3. Some sulphates, like those of iron 
and copper, may also be broken up by heat alone, forming CuO 
and SO3, the latter breaking up into SO2 and O : 

CuSO^^CuO+SOg; 
2FeS04 = Fe203+ SO2+ SO3. 

Sulphate of lime cannot be broken up by either method. 
The final temperature should be almost as high as when scorifying. 

After the dead roasted ore has been cooled and weighed, 
sift it through a sieve to remove any scales or lumps. If either 
of these is present, grind through the same sieve the ore was 
•originally put through (30 or 40 mesh) and mix thoroughly with 
the rest of the ore. 

The next step is the same as No. 3 in the English method, i.e., 
to smelt the ore with suitable fluxes and obtain a button of black 
copper. If a matte results in addition to the black copper, the 
ore contains lime or it is not sufficiently roasted. Roast a fresh 
portion of the ore, or else roast the matte and smelt the roasted 
product as if it was an ore. 

Fusion. — Applicable also to ores of Class II. In making the 
fusion, the following should be borne in mind. 

I St. The slag should be liquid, and as nearly neutral as pos- 
sible. 

2d. The amount of flux should be as small as possible, and 
.the temperature so high as to have the whole assay finished in 
20 to 30 minutes at the outside. If the assay is kept in the fire 
too long, iron and other impurities are apt to be reduced. 
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3d. All reagents, such as soda and argols, should be free from 
sulphur; for this reason use cream of tartar, in place of argols, as 
a reducing agent, and the best of carbonate of soda. 

If these contained sulphur, there would be a copper matte 
formed during the fusion, and the object of the roasting would 
be rendered useless. 

The soda and borax should be melted in an iron ladle or kettle 
before using. . This drives oflF the water present, and the fusion 
for copper is not only made more quickly but more quietly. 

The following charges may be tried. (Use E or F crucibles.) 

ABC 

Ore, grammes. ... 25 30 25 

Cream of tartar, '* .... 10 20 2 charcoal 

Soda, " .... 25 10 30 

Borax glass, " .... 4 10 10 sihca 
Use no cover of salt. 

Charge A is for an ore where the gangue is acid. 

Charge B is more of a neutral charge, and C is for an ore 
where the gangue tends to be basic. 

These charges may not answer for every ore, but having made 
two fusions, one of A and one of B, and seen the resulting slag 
and button, it is easy to make changes in the next fusion. That 
is, if the slag is glassy and too acid, add some basic flux like soda 
or iron oxide; if too basic, add sihca or borax glass. If the slag 
is red, due to CujO, it is either too acid or insufficient reducing 
agent has been used. 

The ore and fluxes may be mixed in the crucible, and the 
crucible then heated, or the crucible may be heated red-hot and 
the charge then added. The latter method makes the shorter 
fusion, but the charge is apt to dust when put in a hot crucible. 

Weigh copper button and calculate the percentage in the raw ore. 

Unless an ore contains Ume, dupUcate results agree very 
closely, and should come within .2 per cent of each other and 
.3 per cent of the wet analysis. 

Abroad, the copper buttons obtained in a fusion are often 
refined by putting the button in a crucible that has been pre- 
viously used, or one that has been glazed with borax glass, cover- 
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ing it up and heating it red. As soon as the copper is melted, 
remove the cover, add 10 grammes of refining flux, replace the 
cover, and in a few minutes remove the crucible from the fire. 
Either allow^ fusion to cool in the crucible, or else pour. 

Refining Flux. — i part, by measure, of salt; 2 parts, by meas- 
ure, of cream of tartar; 3^ parts, by measure, of nitre. Mix 
thoroughly. 

Class II. — These ores, if entirely free from sulphides, require 
no roasting and are fused directly by some one of the charges 
given under Class I. 

Class III. Ore Carrying Native Copper. — Ores belonging to 
this class, for instance those from the Lake Superior region 
may be treated by the following method, which has the great 
advantage over others in that it is well adapted to large amounts 
of rich ore or concentrates in a coarse condition. The amount 
used for assay is rather impracticable for chemical work, and if 
a small amount is taken, it is liable to be an incorrect sample. 
If this small amount happens to represent an accurate sample, 
the ore will necessarily have to be pulverized much finer to obtain 
satisfactory results, and the metallic particles render this very 
difiicult. 

The fluxes vary according to the gangue or the foreign matter 
in the mineral. In ''Modern Copper Smelting" Dr. E. D. Peters 
gives the following: 



No. 


Mineral 
Per 
Cent 
Cu. 


Weight 

in 
Grains. 


Borax 
Glass. 
Grains. 


Soda. 
Grains. 


Slag. 
Grains. 


Potas- 
sium Bi- 
tart rates, 

Grains. 


Sand. 
Grains. 


Iron Ore, 
Grains. 


I 

2 

3 

4 

5 
* 

t 


92 
86 
60 

33 
20 

35 
5 to 20 


1000 
1000 
500 
500 
500 
500 
500 


60 

60 

100 

150 
190 
140 
200 


55 
60 
80 
160 
200 
140 
200 


200 
180 


300 
300 
300 
300 
300 
300 
300 


150 
170 


100 



* Calumet and Hecla tail-house mineral. 



t Rich slag from refining. 



*'The percentage of slag- forming materials being so small in 
Nos. I and 2, it requires but a slight amount of borax and soda 
to flux them, while an addition of neutral slag is necessary to 
protect the molten copper. A smaller quantity of the ore is 
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weighed out in the succeeding assays, as they are so poor in copper 
that a large amount of flux is required by the great quantity of 
gangue, so that the capacity of the ordinary crucible would be 
greatly exceeded if 1000 grains were used. 

**No. 3 mineral contains just sufficient ferric oxide to form a 
good slag with the mixture given; while in Nos. 4 and 5 this sub- 
stance, as well as metallic iron, increases to such an extent as to 
require the addition of a considerable proportion of sand to flux 
this base and to prevent the adulteration of the button with metal- 
lic iron. The sample of Calumet and Hecla tail-house mineral 
given is typical of the treatment of very silicious material. There 
is nothing remarkable in the considerable proportion of borax 
(an acid flux) used with even highly quartzose ores; for, in addi- 
tion to the fluxing powers of the soda that it contains, a borosili- 
cate is very much more fusible than a simple silicate. No pecu- 
Uarities exist in the execution of this assay; the ore and fluxes 
are thoroughly mixed on glazed paper and covered with a thin 
layer of potassium bitartrate, after being poured into the crucible. 

"The results obtained by this method are surprisingly accurate. 
Duplicate determinations of the lower-grade samples seldom vary 
more than o.i or 0.2. A difference of 0.4 per cent is a rare occur- 
rence, even in the higher classes of mineral, where the size of the 
metallic fragments renders the sampling and even the weighing 
out of a correct assay a matter of some uncertainty." 

See also an article by Mr. G. L. Heath in the Engineering and 
Mining Journal, April 20, 1895, "Copper Assaying as Used in the 
Lake Superior Region." 

Copper ores, ingots, cakes, and bars are generally bought on 
the dry assay, and the dry assay is considered to be what the wet 
analysis gives, less 1.3 per cent. That is to say, if the wet analysis 
of an ore gives 10 per cent copper, it is settled for on the basis of 
8.7 per cent. 

The difference between two wet analyses should not exceed 
.2 of I per cent. 

In actual smelting operations the waste slag often carries less 
than i per cent copper, but it is safe to figure on a loss of .7$ 
per cent. 
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ASSAY OF ORES FOR TIN. 

Tin melts at 232° C, Atomic weight =119. Sp. gr. = 7.25. 
Has the property of crackling or creaking when bent. Tin is 
found in few localities compared with the other metals already 
taken up, and is seldom discovered in the metallic state. It 
occurs both in veins and in alluvial deposits. The most im- 
portant ore is cassiterite (SnOz) or tinstone, and this is the source 
from which most of the tin of commerce is obtained. The chief 
deposits are those of the Straits Settlements, Islands of Banca 
and BilUton, Bolivia, England, and Saxony. More than three- 
fourths of the world's production comes from the first three, 
which are alluvial deposits. The others are vein deposits. 
Stannite (sp. gr. 4.3-4.52), a compound of Sn, S, Fe, Cu, and 
sometimes zinc is also found, especially in South America, though 
it is not as common as cassiterite. 

The color of the oxide may be black, brown, reddish yellow,, 
red, and brownish white. The streak is white to brownish. 
When pure the ore contains 78.67% of Sn. Sp. gr. = 6.8 to 7.1. 
The impurities most frequently associated with the oxide are 
pyrite, arsenopyrite, wolframite (tungstate of Fe and Mn), chal- 
copyrite, titaniferous iron, columbite, iron oxide, tourmaline, and 
sometimes blende and galena. To determine whether a mineral 
is SnOj, fuse some of the fine mineral in a porcelain crucible or 
similar vessel with 3 or 4 times the amount of KCy and dissolve 
mass in water. A tin globule or globules will be found if the 
mineral is SnOj. Or fuse a mixture of the mineral, sodium car- 
bonate, and charcoal on charcoal in the reducing flame of a lamp 
or candle. 

When in veins the gangue generally consists of granite, slate, 
syenite, quartz, or feldspar, and often carries garnets and zircons. 
Fluorspar is also frequently present, and by some is considered 
a good indicator of tinstone. 
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Portions of the deposits are often very rich, but the average 
of the ore, whether from veins or placers, carries only i% to 5% 
SnOj. On this account, samples can very rarely be assayed by 
fire or even analyzed in the wet way directly. 

Owing to its high specific gravity, however, we can resort to 
washing and concentration, thus separating it from the gangue 
and some of the other impurities. Wolframite, unfortunately, 
has a specific gravity (7.2 to 7.5) slightly higher than tin oxide, 
which necessitates a special purification later on, when this min- 
eral is present. 

The following table from Mitchell's Assaying will show why 
it is necessary to concentrate or free the ore from its gangue as 
much as possible. 

Ore used in grammes 10 10 10 10 10 

SiOj present in grammes 2.5 6.6 10 15 30 

Tin obtained by fire assay 52% 43% 28% 10% 0% 

Tin oxide has a great affinity for silica, for it has the property 
of acting both as an acid and as a base, and in this case acts as a 
base. If the tinstone carries much iron oxide, this has to be 
removed with acids, otherwise the resulting tin will not collect 
in a button, but will contain iron and be a porous and magnetic 
mass. 

An ore carrying 4 per cent Sn is considered a fine ore; so it 
can be readily seen that one must first resort to concentration 
before making a fire assay. This is also the better plan even 
before attempting a wet analysis, unless the sample submitted 
for analysis is very rich. The steps in the assay are as follows: 

I St. Concentration. 

2d. Roasting the concentrates. 

3d. Panning the concentrates and boiling in aqua regia. 

4th. Panning the concentrates again. 

5th. Assaying the final concentrates. 

If the concentrates obtained from the first panning are very 
pure, some of the later steps may be omitted. 

Concentration. — ^Take 500 to looo grammes of ore, crushed 
through at least a 40-mesh sieve. If it is crushed too fine, the 
SnOj will slime badly; still it must be fine enough to liberate 
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the SnOj from the gangue. Carefully pan or van the ore again 
and again until no more concentrates can be obtained. Do not 
pan down too close, for if a little gangue is left with the con- 
centrates it does not matter. The waste matter or- tailings are 
thrown away. 

Roasting. — ^The concentrates consisting of SnOj, pyrite, and 
whatever heavy material there happened to be in the ore, together 
with a small amount of gangue, are dried and then placed in a 
clay or an iron roasting-dish. This is next placed in a muffle, 
the bottom of which is hardly red, and slowly heated. When 
the odor of SO2 can no longer be detected, the dish is taken out, 
cooled, and a little fine charcoal stirred into the ore. This reduces 
the sulphates, arseniates, and antimoniates to lower forms and 
enables the S, Sb, and As to be set free, and is especially necessary 
when arsenic is present. Roast again and repeat until a dead 
roast is obtained. Everything in the concentrates should now 
be in the state of oxides. They can now be panned to remove 
the oxides of iron and silica and then treated with acid, or they 
can be treated with acid directly and then panned. 

Treatment with Acid. — SnOj is insoluble in aqua regia; 
therefore by boiling the concentrates in this we practically get 
rid of everything except some SiOg, TiOj, and compounds insoluble 
in aqua regia. If much SiOj is present, pan again. In some 
cases it is well to grind the tailings fine from this concentration 
and pan again. Dry the total concentrates, weigh and grind 
through an 80-mesh sieve. 

Assaying. — ^The concentrates are now ready for assaying, 
and this may be done by various methods. Among the most 
approved are the following: 

First Method, — (LevoPs Cyanide of Potash.) — ^This method has 
always given me the most satisfactory results, so it is placed first. 
On clean ores or concentrates it is very accurate, but when the ore 
or the concentrates contain much foreign matter the assay is 
rendered much more difficult and the time of fusion has to be 
increased. 

Take 5 or 10 grammes of concentrates and mix with four 
times as much KCy, C.P. {KCy is a deadly poison 1) 
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Have a good layer of KCy in the bottom of the crucible, 
next put in the mixture of concentrates and KCy, and then place 
a layer of KCy on top of all. 

Crucible is a Battersea A or similar close-grained crucible. 

2KCy+Sn02 = Sn+2KCyO. 
Layer of KCy (through 8). 

Concentrates and KCy mixed. 
Layer of KCy (through 8). 

Heat very slowly at first and just fuse to reduce the SnOa to 
Sn and then keep just fused for 20 to 30 minutes. Increase tem- 
perature 10 to 15 minutes longer and then take from the fire, 
tap gently, and transfer to some place where the fumes will not be 
carried into the laboratory. The purer the SnOj is the shorter 
the period of fusion; with some 9res the fusion has been com- 
pleted in 10 minutes with good results, but as a general thing 
the ordinary concentrates will require the above time to make the 
fusion satisfactory. Certainly the more impure the concentrates 
are the longer the fusion must be. Never have the fusion boil, 
for low results will be obtained. 

Allow the crucible to become perfectly cold. (Tin melts at 
232° C.) Break the crucible and place it and contents in a dish 
and cover with water. If the decomposition of the ore is com- 
plete, we shall have a nice bright tin button, with perhaps a few 
prills or small buttons. If the fusion is incomplete, we shall find 
some ore still undecomposed. The great advantage of this 
method of assay is that although one works with an expensive 
and poisonous reagent, one can see at the end of the fusion 
what has actually been done. 

The KCy should be C.P. The impurities are generally 
chloride, carbonate, and cyanate of potassium or of sodium. 

Some assayers recommend a cover of salt, but I consider 
a layer of KCy amply sufficient. 

Ten grammes of concentrates have always given me higher 
results than 5. Report any and all results in percentage on the 
original ore used. Results on concentrates and original ore 
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should agree very closely and ores carrying one-half per cent Sn 
can be assayed satisfactorily by the foregoing method of concen- 
tration. 

Second Method {German Assay). 

Rich ore or concentrates (through 80) s K 10),,.., 

,,^ 1.0N h Mix in bottom of crucible 

Charcoal (through 80) i i 2 ) 

Flour 5 3 5^ 

Bicarb, soda 10 5 — > Mix and put on top 

Bicarb, potash 10 5 20 ) 

Borax glass — J inch 2 grammes 

Cover of salt in each case, and a small piece of charcoal on top. 

Heat very slowly at first, say about 20 minutes, and then fuse 
until charge is quiet and foaming ceases, about i to ij hours. 
The results are good, but the button, owing to the high heat, is 
apt to contain a small amount of iron. If a small chip cut off 
the button is not magnetic, the amount of iron is very small. 

Third Method. — ^This method is given by Mitchell, who uses 
larger amounts of material than I give, but in the same ratio. 
Personally I have never had any success with it. 

Reactions. 

Ore or concentrates 12 grammes 1 ^ Na2Co3+heat = Na204-Co2; 

Argols 3 " ! .2 ^ Nap+C =2Na+CO; 

Sodium carbonate 9 " | ^ u 4Na-t-Sn02 =2Na20+Sn. 

Lime i§ " J .c 

"Mix well together, place in a crucible which the mixture half 
fills, cover with a small quantity of sodium carbonate and 5 
grammes of borax. Place the w^hole in the furnace with the 
necessary precautions, raise the heat very gently, and keep it at 
or below a dull red heat for at least 20 minutes, then gradually 
increase until the whole flows freely. Remove the crucible, tap 
it as for copper assay, and allow to cool. When cold, break it, 
and a button of pure metaUic tin will be found at the bottom, and 
a flux perfectly free from globules and containing no tin." 

Fourth Method. — ^Take 25 to 50 grammes of fine concentrates, 
place them in a graphite or charcoal-lined crucible, and cement 
the cover on firmly, leaving a small opening. Heat at a dull red 
for 15 minutes and then at a bright red for 10 minutes. Remove 
the crucible with care and do not tap. The results are generally 
low, owing to prills and small buttons. 



CHAPTER VIII. 
PLATINUM AND THE PLATINUM GROUP. 

The platinum group of metals consists of platinum, iridium, 
osmium, palladium, ruthenium, and rhodium. 

Iridosmium is an alloy of iridium and osmium. If we divide 
the group by atomic weights, it is seen that platinum, iridium, and 
osmium are very closely associated; likewise palladium, ruthe- 
nium, and rhodium. 

The group may perhaps be further divided into platinum and 
palladium, rhodium and iridium, osmium and ruthenium. In 
regard to the metals' affinity for oxygen, we find that the oxides 
of osmium and ruthenium are volatile, or partly so; that iridium, 
palladium, and rhodium oxidize when heated with free access of 
air, but the oxides break up upon further and higher heating into 
the metal and oxygen. 

Platinum does not oxidize, although it can be thrown down 
from solution as an oxide. Russia and the United States of 
Colombia are the chief sources of supply, but the metal is much 
more widely distributed than is generally known. Although 
occurring most commonly in grains and nuggets in alluvial sands 
and placers, it has been found in rock in place. Fine grains 
have been found in quartz, but the basic rocks, like olivine, ser- 
pentine, peridotite, and chromite, are the ones from which most 
platinum has been derived, for pieces of these rocks are often 
found attached to nuggets. 

Platinum grains are grayish white in color, and their specific 
gravity depends upon the other metals or those of the platinum 
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group associated or alloyed with them. The grains or nuggets 
are seldom pure, and not only contain the members of the group,, 
but analyses have shown gold, manganese, iron, and copper. 
The last two are very common impurities and some nuggets have 
carried as high as 17% iron. It is also interesting to note that 
considerable platinum has been found, in several instances, in 
copper sulphides and tetrahedrite. 

The sp. gr. of the grains has been found to be anywhere 
from 13 to 19 and the purity from 50 to 86% Pt. The sp. gr. 
of melted platinum is between 19 and 20, while that of the metal 
when hammered is between 20 and 21.5. 

Sperrylite, an arsenide of platinum (PtAsj), sp. gr. 10.6, is 
the only platinum mineral at present known, and was discovered 
in 1888 by F. L. Sperry in the Sudbury district, Ontario, Canada. 
Since then it has been found in several places in the United States. 
The only other known mineral of the group is laurite, a sul- 
phide of ruthenium and osmium. 

The table on pages 206 and 207 gives some of the properties 
of the group, to which have been added silver and gold. 

Qtialitative Tests. — ^If the ore is very low grade, it had bet- 
ter be concentrated and the concentrates taken for the test. 
If free gold is present, remove it with mercury. 

Treat the ore or concentrates with aqua regia, evaporate 
several times to a syrup with HCl, in order to remove all the 
HNO3. Finally, take up in water and a few drops of HCl, boil 
and filter. The Pt should be in solution as bichloride (PtCl4). 
This solution can now be tested for Pt in either of two 
ways: 

1. Take a small amount of the cold solution and add to it 
a strong solution of potassium iodide. If Pt is present the solu- 
tion will become a deep red color (platinum iodide). The test 
is very delicate, and if much Pt is present only a very small 
amount of the solution to be tested should be taken. Heat will 
cause the color to disappear. 

2. To the very concentrated solution add a strong solution 
of NH4CI or the salt itself, and then some alcohol. Allow to 
stand for 24 hours at about 80° C, when, if Pt is present, a yellow 
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TABLE OF SOLUBILITY OF SILVER, 



Atomic wght 
Specific gr. 
Fusibility 



Hardness 
Color of 
metal 
Powder 

Heat (air) 



H3SO, 



H^O, 

(fuming) 



HNO, 



Aqua regia 



Sodium hy- 
pochlorite 



Silver. 



107.9 

10. 4-10. 7 \ 

9611° 



Brilliant 
white 



Not oxidized 



Soluble 



Soluble 



AgCl precipi- 
tates 



Gold. 



197.2 
15-19. 3 native 
19.3 pure 
1064° C. 



Yellow 



Not oxidized 



Insoluble 



Insoluble 



Soluble 



Platinum. 



194.9 
Melted 19-20 
Hamm'd 20-21,5 
1 760° to 1765*' 



Grayish white 

Black 

Not oxidized 



Insoluble 



Partly soluble. 
Ir lessens the 
solubility 



Soluble when al- 
loyed with 
Ag 12, Pt i; or 

AgI2,Pt I,AU2 

Soluble. Dilute; 
I to 3 is the 
best. Said to 
be insoluble 
when alloyed 
with certain 
percentages of 
iridium or with 
rhodium » 



Iriditim. 



193 

22.42 

About 1950® 



Below 7 
Steel-white 

Steel-gray 

Oxidizes when 
heated in air, 
but oxides break 
up, when f u r - 
ther heated, into 
metal and oxy- 
gen 

Insoluble when 
alloyed with 
silver, if due 
precautions are 
taken 



Partly soluble 
when alloyed 
with Ag 



Insoluble. Partly 
soluble when 
alloyed with 
silver 

Soluble when al- 
loyed with Pt. 
Soluble in 
strong aqua re- 
gia. Insoluble 
in dilute 



precipitate of (NH4)2PtCl6 will be thrown down. Any gold pres- 
ent as AuClg will remain in solution. If the ore sperrylite, the 
arsenide of platinum, is to be tested for, take a small portion 
and drop it on a hot piece of platinum-foil; AsjOg will be given 
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Iridosmivun 


Osmium. 


Palladium. 


Ruthenium. 


Rhodium. 


or 
Osmiridium. 


191 


106.5 


101.7 


103 




22.48 


II. 4 


11-12 


12. 1 


18-21.5 


Melted only in 


About wrought 


Over 2500° C. 


Higher than Pt 




the electric arc 


iron 


Higher than 
rhodium 






Above 7 


4-5-5 


Below 7 




6.7 


Bluish 


Steel-gray or 
white 


Grayish white 


Whitish gray 


Tin-white to 
steel-gray 


Bluish 




Purple-black 




Black 


Oxidizes. OsO^ 


Oxidizes on heat- 


Oxidizes. RuO^ 


Oxidizes when 




very volatile 


ing, but ox- 


and RuOg vol- 


heated, but 






ides break up 


atile. RU2O3 


oxides break 






into metal and 


not volatile; 


up into metal 






oxygen 


decomposed 
by heat 


and oxygen 




Insoluble. In- 


SUghtly soluble, 


Insoluble when 


Insoluble. There 


Insoluble 


tensely ignited 


e specially 


alloyed with 


are two modi- 




Os is insolu- 


when alloyed 


silver if due 


fications f 




ble in all acids. 


with Ag 


precautions 


Rh. Compact 




Silver does not 




are taken 


and precipi- 




affect solubil- 
ity 






tated 




Soluble with dif- 










ficulty. Solu- 










ble when al- 










loyed with Au 










and Ag 








Soluble with for- 


Partly soluble 


Insoluble 


Compact; sol- 


Insoluble 


mation f 


when alloyed 




uble. Ppt'd, 




OsO, 


with Ag . 
HNOj+HNO, 
with ease 




slightly solu- 
ble 




Insoluble 


Soluble. PdCl^ 


Slightly soluble. 


Soluble when 


Insoluble 




and PdCl, 


Oxides insol- 


alloyed with 






separate out 


uble 


other rare 






upon long 




metals, but is 






standing 


Soluble when 
finely divided 


said not to be 
when alloyed 
with silver or 
gold 





off, leaving spongy excrescences of platinum similar to the 
foil. 

Sperrylite is only partly soluble in aqua regia, and is not 
attacked by hydrofluoric acid. 
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Qtsantitatiye Analysis.*— Quantitative work upon platinum 
ores, especially where other rare metals are present, is very diffi- 
cult| and most of the methods are long and complicated. 

ASSAY OF THE SANDS AND ORES. 

I prefer to divide platinum ores into three classes: 

1. Ores carrying no metallic grains, which can be assayed 
directly. 

2. Ores carrying no metallic grains, which are too poor to 
assay A^ithout a previous concentration. 

3. Ores carrying metallic grains. 

Class I. Crush these ores through a 120-mesh sieve, assay 
them exactly as if assaying ores for gold, and obtain a lead button 
weighing from 25 to 30 grammes. 

Class II. Take 300 or more granmies of ore (through a 30- or 
a 40-mesh sieve), concentrate it, and then assay the concentrates 
as in the assay of concentrates carrying gold. The tailings are 
thrown away. The lead button from this fusion should weigh 
25 to 30 grammes and its treatment is described later on. Figure 
the results on the original ore taken. 

Class III. Ores of this class are the ones most frequently 
met with, and their preliminary treatment must be carefully 
conducted. The aim is to remove the platinum grains as far 
as possible and to make all the grains in the sample into rich 
lead bullion. 

Samples weighing less than 1000 grammes should be crushed 
through a 30- or 40-mesh sieve. Save any pellets on sieve. Amal- 
gamate all the ore lo remove the gold, and concentrate to a small 
amount of heads. Remove any Pt grains. The heads and tails 



* Bibliography of the Pt Group, Dr. J. Lewis Howe, and among others the fol- 
lowing: St. Claire, Deville, and Debray, Annals, de, Chim. et de Phys. (3), vol. 56 
(1859), p. 385; Dr. H. Pirungruber, Eng. and Min. Journ.j vol. 44, p. 256; E. 
Wiatt, Eng. and Min. Journ., vol. 44, p. 273; T. Wilm, Journ. Chem. Soc, vol. 
50 (1886), p. 181; also Journ. Soc. Chem. Ind., vol. 4 (1885), p. 759; Mitchell's 
"Assaying," p. 781; Crookes' "Select Methods," pp. 446 to 476; E. Leidi^, 
Bulletin Societe Chimique (3), vol. 25, p. 9; E. Leidi^ and Quennessen, Bulletin 
Sociiti Chimique (3), vol. 27, p. 179. 
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should all be ground through an 80-mesh sieve and pellets saved. 
Assay, as usual, the material through an 80-mesh sieve. 

The pellets are all put together and melted with lead. This 
bullion should be chilled quickly, to prevent segregation of the 
metals,* drilled or cut up into pieces, and assayed as described 
later on. 

A tree of the treatment is as follows: 





Ore, 906 grammes 
Crushed through 30-mesh sieve 






Au 4- Pt grains 
Amalgamate 




Ore 

Amalgamate 


1 

re 


1. 

rains 


Au amalgam Au amalgam 









Dissolve in HNO, 

1 






Au weigh Hg^CNO,), 




Concentrate 

1 








Pt grains 


I 

Concentrates, weigh 




xi 

1 


i 

Crush through 80-mesh, 


weigh 
(T) assay 




Pt grains Ore 





Weigh 

I 
Melt with 40 grammes 

or more of lead. 

I 

Weigh bulUon; take drillings 
and cupel several portions. 
Figure the total Pt in the ore (T) and the lead bullion, and base the final result 
on the 900-gramme sample. 

This method eliminates the question of small samples dis- 
agreeing, owing to uneven distribution of pellets. 

Large samples should be treated as follows: Crush 3 to 5 kilos 

* Ed. Mathey, Chem, NewSj vol. 61, p. iii, "Liquation of Au and Pt 
Alloys." 
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through a 30-mesh sieve. Save any pellets. Amalgamate all the 
ore to remove gold. Pan out the amalgam and remove the con- 
centrates. Recover all the platinum grains possible from the 
concentrates. The heads and tails are dried, thoroughly mixed, 
and a sample of at least 700 grammes taken. The Pt grains 
so far obtained are weighed, melted together with lead, and results 
based on 3 to 5 kilos. The 700 grammes are treated as previously 
described, and all grains are kept separate, wrapped in lead, and 
cupelled. 

This button need not be analyzed, because the analysis of 
the main lot of pellets for the other rare metals will be sufl5ciently 
accurate for this or any other residue. 

The work so far has given us, from Classes I and II, lead 
buttons carrying silver and gold, if present in the sample, together 
with platinum and any of the rare metals, or, from Class III, 
rich lead bullion carrying Pt and the rare metals. The advan- 
tage of a large button rich in Pt over a small low-grade lead 
button is that drillings can be taken from the former and sev- 
eral assays made instead of relying upon one. We can now 
proceed as follows: 

Cupel the lead button (Classes I and II) or the drillings from 
the bullion as usual, except towards the end, when, if much Pt is 
present, the heat must be very high in order to remove the last 
traces of lead. The presence of a small amount of Pt makes the 
final bead crystaUine on the surface and often covered with 
irregularities. If very much Pt is present, the button will stick 
to the cupel, be flat, irregular, and it will be practically impos- 
sible to remove the last of the lead. Such buttons are always 
brittle, for an extremely small amount of lead will render a Pt 
button brittle. 

A. Bauer found that an alloy of 3 parts Pb and i part Pt 
was as brittle as glass. 

From now on the difficulties that we encounter are increased 
by the influence which silver and gold, if present, have upon the 
solubility of Pt and the rare metals, as well as the influence the 
rare metals have upon the solubility of each other. 

The best method of procedure seems to be as follows, and I 
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am indebted to the following students, who have taken theses 
on the analysis of Pt ores and the rare metals, for much of the 
data: H. B. Litchman and D. C. Picard, class of 1903, and R. 
B. Williams and J. ^. Marston, class of 1904. 

Determination of Ag, Au, Pt, Ir, and Iridosmium. — Clean the 
bead, hammer if possible (some buttons containing Pt, silver 
and the rare metals, or a certain ratio of Pt and Ag are brittle) 
and weigh (a). Part in strong H2SO4, boiling three times; the 
silver will dissolve, leaving the other metals, if three or more 
parts of silver are present. Much care must be used in this 
parting, for when H2SO4 is used the Au and Pt are liable to be 
left in a finely divided condition. Furthermore, if iridium is present 
and it is finely divided, it will float on the top of the solution. 
In such cases the H2SO4 and Ag2S04, after cooling somewhat, 
should be decanted into a casserole containing H2O. Cautiously 
pour liot HjO into the parting-flask, allow to stand some time, 
and again decant, repeat twice more, when the Ag2S04 should 
be removed. Filter the contents of the casserole through a 
washed filter. Fill the parting-flask with hot water and trans- 
fer contents to an anneaUng cup or porcelain crucible, allow- 
ing flask to stand inverted in cup at least five minutes, and occa- 
sionally tapping its sides. Wash the contents of the filter and 
transfer it and its contents to the annealing cup with the rest of 
the metals. Ignite the filter-paper cautiously and finally heat 
in the muflle. Cool and weigh. Sometimes the residue sticks 
slightly to the cup, but, as a rule, not badly. This residue is 
i, and the difference between a and h is the silver in the ore. 

If the amount of silver is extremely small, this result can 
serve as an approximate determination, for considerable Ag is 
lost at the high temperature required in cupelling. After the 
Pt and other elements are determined, weigh out a known quantity 
of Ag, add it to the lead button from another assay of the ore, 
run a check at the same time, as in bulUon, cupel, dissolve but- 
tons in HNO3, and titrate with a solution of salt. Make allow- 
ance for the silver added and figure the results as in the assay 
of silver bullion. 

Add to the residue 6 12 to 15 times as much silver alone 
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or 12 to 15 times as much silver and i or 2 times as much 
gold. If gold other than free gold is present in the sample, 
do not add gold; wrap in 6 to 8 grammes of lead and cupel. 
Clean the button, roll out, and drop into some warm HNO, 
(1.20 or 1.28 sp. gr.). All of the silver and part of the Pt (75% 
to 95 %> if gold is present) will go into solution. If gold is used, 
repeat this process twice more, but of course add no more gold. 
If silver alone is used, repeat until all the Pt is dissolved. The 
final residue should consist of gold, iridium, and iridosmium. 
Weigh (c). (c) minus any gold added, subtracted from (6), is 
the Pt in the sample. 

The residue c is treated for a few minutes with dilute aqua regia, 

I part aqua regia (^ p^rt^HNO ) ^^^ ^ ^^^^ ^'^' 

which dissolves the gold and any Pt that might be present* 
Wash, ignite, and weigh residue d. Residue c, minus any gold 
added, less d is the gold in the sample. Treat residue d with 
strong aqua regia, which dissolves the iridium, leaving the iridos- 
mium and rhodium, also osmium and ruthenium, if these last 
have not been volatilized during cupellation. 



EXAMPLES. 



Residue after parting in 

1. . 00388 grammes 
Au, Pt, Ir, Rh, and 

Iridosmium 

2. .00230 grammes 


Residue after 
dilute aqua regia 

.00337 
Ir, Rh, Iridos- 
mium 
.00040 


Pt and Au 

grammes 

.00051 

.00190 


After strong 
aqua regia 

.00327 
Rh and Iri- 
dosmium 
•00035 


Ir 

grammes 

.00010 

.00005 



If gold is absent from the ore and Pt alone is to be deter- 
mined, the procedure is as follows: Cupel the lead button as 
described, adding 2\ to 3 times as much silver as the amount 
of Pt supposed to be present in the sample. Part the resulting 
bead in strong H2SO4 and weigh the residue (x), which will prob- 
ably be grayish black. Treat with dilute aqua regia, i.e., i to 
5, in the proportions just given, or else i to 3; the Pt will go 
into solution, and if any residue is left it is probably Ir, Rh, Ru, 
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or iridosmium. Dry, ignite, and weigh. The difference between 
this and the first weight {x) is the Pt in the sample. 

The following work, done by Mr. H. B. Litchman, class of 1903, 
is of interest in this connection. Pure lead, silver, gold, and plati- 
num were used in the tests. 

Nos. 15, 16, and 17 were cupelled in the middle of a muffle 
heated by gas and then pushed back; the others were cupelled in 
the front and gradually pushed back until they stood at the back 
of the muffle. All of them were left in the furnace i minute 
after blicking at a very high temperature. 

Nos. 15, 19, and 22 were treated with 10 c.c. HN03(i.28 sp.gr.), 
boiled, 10 c.c. more added and the boiling continued. No. 22 
was treated with a third portion. No. 15 did not break up; 19 
and 22 broke up, rendering the solution brown and turbid, due 
to the- finely divided Pt. 

Nos. 16, 18, 20, and 23 were treated with 20 c.c. HNO3 (1.20 
sp. gr.), boiled, and then 10 c.c. more added. They all gave tur- 
bid solutions of a brownish color. 

Nos. 17, 21, and 24 were treated with 20 c.c. HNO3 (1.16 
sp. gr.), boiled, and 5 c.c. more added. 21 and 24 broke up, but 
17 did not. All the solutions had to be filtered, the residues thor- 
oughly washed, and the filters and contents transferred to porce- 
lain crucibles, ignited, and weighed.. 

It is very evident from the results in Table I that HNO3 will 
not dissolve in one treatment, as it is frequently claimed it will, 
all the Pt from an alloy of Ag and Pt. 

The results in Table II show the effects of adding gold to 
an alloy of silver and platinum and treating the button with 
HNO3 (1.28 sp. gr.). 

All the tests were cupelled near the front of a gas-muffle until 
near the blicking-point, when they were pushed to the back and 
kept there 3 minutes after the colors had disappeared. 

The buttons all indicated the presence of Pt. 

No. 25 was treated with 25 c.c. HNO3 (1.28 sp. gr.) and kept 
warm while action lasted, and then boiled. The other buttons 
were treated with 20 c.c. hot HNO3 (1.28 sp. gr.), boiled, this solu- 
tion decanted and 10 c.c. fresh acid added. After boiling in this 
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2i6 NOTES ON ASSAYING. 

the residues were thoroughly washed and transferred to porce- 
lain crucibles. All the solutions were clear and there was no more 
difficulty in collecting the residues than in the usual parting for 
gold. 

The Pt dissolved was considered the difference between the 
residue left after parting and the Au + Pt originally taken. This 
is not strictly correct, because there is a loss of gold in cupelling, 
but the amount of Pt found in the cupels was practically nothing. 

It will be seen from this series of tests that gold has a remark- 
able influence upon the solubility of Pt in HNO3 when alloyed 
with silver, and its presence also renders the solutions clear and 
residues readily handled. 

From Table II the best ratio seems to be Pt i, Au i or 2, 

AgiS- 

The following tables seem to show that, even with this ratio 
of gold and silver to platinum, three treatments with HNO3 
(1.28 sp. gr.) are necessary to dissolve all the Pt. 

One more cupellation with Ag and parting in acid will dis- 
solve all the Pt and leave a golden-yellow residue. All the buttons 
were cupelled at a high temperature and left in the furnace one 
minute after the colors had disappeared. The parting was done 
by dropping them in 25 c.c. of warm HNO3, boiling the solution 
after action had ceased, diluting to 35 c.c, washing and filtering. 
The filtering was simply an extra precaution, for the solutions were 
clear and colorless. On the other hand, if silver alone is used, 
a great many partings are necessary, the solutions are turbid, 
the residues are extremely finely divided, and filtering is gener- 
ally necessary. 

The presence of gold increases the solubility of Pt in HNO3, 
and the per cent of Pt dissolved, when the ratio of i or 2 of gold 
is used, is always high, yet it varies considerably, which seems to 
indicate that there is some factor in regard to its solubility yet 
undetermined.* The solutions from the filtrations were freed 
from silver and tested for gold, but none was found. 

The loss of Pt during cupellation is very small, but there must 

* Notes on the Separation of Au, Ag, and Pt, Journ. Soc. Chem. Ind., vol. 22, 
p. 1324, by H. Carmichael. 
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2i8 NOTES ON ASSAYING. 

be a loss of gold, and this loss, together with any loss in parting, 
will make the final Pt results too high. 

Too high results for Pt and other rare metals may also be 
obtained, due to the solubility of these metals in acids when al- 
loyed with each other, though not otherwise soluble. 

Experiments in this laboratory by Mr. J. R. Marston seem to 
show the following: 

Alloys of Ag and any of the Pt group must be rolled or ham- 
mered thin before treatment with any acid. When H2SO4 is used 
it must be strong and the button must be hoiled in it for some 
time, otherwise some silver will remain undissolved. 

To treat the residue with HNOj, after the H2SO4, is not always 
safe, as Pt may dissolve. 

Platinum. — ^When an alloy of Pt and Pb is treated even with 
dilute HNO3 (i.i or 1.2 sp. gr.) an appreciable amount of Pt 
goes into solution. 

The residues after treatment are liable to adhere to both 
glazed and unglazed cups. 

According to Winkler,* when an alloy of Pb and Pt is treated 
with HNOs, 13.11% of the Pt is soluble in acid of 1.19 sp. gr.; 
13.23% in acid of 1.298 sp. gr.; and 14.57% ^^ ^^id of 1.398 
sp. gr. 

The alloy formed seems to be PbjPt when the lead is in ex- 
cess, and PbPt when not. 

Gold and silver alloy perfectly with Pt; other metals of the 
group, with the exception of palladium, are said not to form per- 
fect alloys. 

Iridium. — ^When a silver button, after cupellation, contains 
iridium, the surface has an irregular appearance, similar to that 
given by Pt, but the roughness seems of a finer texture. 

When present in an alloy of Ir-|-Pt i part, Ag 12 to 15 parts, 
the solubility of the Pt in HNO3 is diminished. 

It seems to be insoluble in dilute aqua regia, and only slightly 
soluble in aqua regia made up of i HNO3 and 5 HCl or i HNOs 
and 3 HCl. The presence of platinum alone seems to increase 

* Solubility of the Pt in Pt alloys in HNO3, Journ. Chem. Soc, vol. 13, p. 428. 
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the solubility of the iridium. It is soluble in aqua regia of i part 
HNO3 and 2 parts HCl. 

Ag and Ir, melted with lead, are very difficult to alloy, the Ir 
tending to float and resist alloying. Iridium, in an alloy of Ir 
I part, Ag 12, 15, or 18 parts, is partly soluble in strong H2SO4 
(1.84 sp. gr.), HNO3 (i-20 sp. gr.), and HNO3 (1.28 sp. gr.). 

When the ratio is Ir i part, Ag 3 parts, the amount dissolved 
in the same acids is still appreciable. In an alloy of Au and Ir 
the latter tends to sink to the bottom. 

Palladium. — ^When present in a silver button, after cupella- 
tion, palladium gives the surface a raised or embossed appear- 
ance and not a rough and pitted one like Pt. The button is 
brighter than when Pt, Ir, or both Pt and Ir are present, and 
does not stick to cupel. Alloyed with lead, some Pd is soluble 
when the alloy is treated with acetic acid. Alloyed with silver, 
it is slightly soluble in both HNO3 ^^^ H2SO4, and a large excess 
of silver tends to increase the solubility. The residue after treat- 
ment with H2SO4 hangs together like a flocculent precipitate. 

During ordinary cupellation the loss of Pt, Ir, Rh, and Pd by 
volatilization or absorption of the cupel may be considered as 
nothing. 

Osmium. — This is supposed to oxidize completely to OsO^ 
during cupellation and to volatilize. If present in small amount, 
it may do so; if in large amount, it will not. The vapors are very 
poisonous. If Os, Ag, and Pb are placed on a cupel, owing 
to the infusibility of Os it floats on the AgPb alloy and oxidizes. 
During this oxidation, if the temperature is above that of the 
formation of PbO crystals, portions of the alloy will be thrown 
off and the cupel will be covered with small beads of Ag. If 
PbO crystals are forming, it is difficult to keep the alloy driving. 

If the Os does not completely volatilize, near the blicking- 
point black spots appear on the Ag bead, which flash off and on, 
but finally disappear when the button brightens. Such buttons 
are liable to sprout, appear rough on the surface, and are not so 
bright as a Ag bead. In HNO3, OSO4 is formed. 

When cupelling a button containing Os do not, at the same 
time, cupel any buttons containing iridium. 
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CUPELLATION OF OS, AG, AND Pb. 



Os, 

Grammes. 


Grammes. 


Per Cent 
Os. 


Lead. 
Grammes. 


Parted in 
?2SO*, 
Specific 

Gravity. 


Weight 

after 
Parting, 
Grammes. 


Loss. 
Grammes. 


Percent- 
Lost. 


.00491 
.00392 
.00517 
.00565 


.5000 
.5000 
.2500 
.2500 


I 
I 
2 

2 


6 
20 

6 
20 


1.84 
( ( 

c < 

( < 


.00219 
.00100 
.00100 
.00085 


.00272 
.00292 

.00417 
.00480 


55-4 

74.5 
80.6 

84.9 



The H2SO4 must be strong and thoroughly boiled to remove 
the Ag. The residue is fine and black. 

Ruthenium. — ^Less fusible than rhodium, but more fusible 
than osmium. 

Its oxides RUO4 and RuOj are volatile, but not so easily as 
OsO^. 

When much Ru is present in a lead-silver alloy, if the lead 
drives, a black film soon appears and will be left on the button, 
when near the blicking point. A black scum will also be left 
on the cupel together with small silver be%ds, as in the case 
of Os. If a small amount is present, the button while driving 
appears more or less irregular, with spots over the surface. At 
the end it rounds up slightly, a partial play of colors will be 
noticed, it then flattens and sets. 

The surface of the silver button may be all bluish black or 
there may be black spots (RuOz or RujOg) on a silvery surface. 
If only a little Ru is left, the surface is bright but rough and 
covered with plates. 

Owing to the black oxide left on the beads, it is difficult to 
determine the loss of Ru during cupellation, but experiments 
carried out on the same line as the table under osmium seem 
to show that 20 to 45% of the Ru may volatilize. 

Iridosmium. — Experiments on this have been unsatisfactory, 
owing to the difficulty of obtaining it perfectly free from other 
members of the group. 



METALLURGICAL LABORATORY 
EXPERIMENTS AND NOTES. 

FOURTH YEAR. 

GENERAL DIRECTIONS. 

When performing on a small scale any of the experiments 
described, it will be well for students to observe the following 
precautions: 

1. When several students are working upon the same ore, 
only one student at a time should sample it. 

2. In order to prevent resampling the ore, should anything 
happen to the experiment, always take two or more times the 
amount of ore called for in the experiment. 

3. Save the original ore sample and any products that may 
result from the w^ork until all results are figured out and the 
report completed. 

4. Save all solutions, filtrates, concentrates, and any prod- 
uct relating to the test or experiment until the report is com- 
pleted. 

5. If any ore or product contains lumps after treatment, 
always pass it through a sieve a little coarser than the ore went 
through before treatment, then mix thoroughly and sample. 

6. Try in every possible way to avoid repeating any part of 
your work. 

Solutions. — ^These are made up: 

1st. By dissolving a solid in a liquid. 

2d. By adding one liquid to another. 

In these notes all solutions are made up in the following way: 
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A \% cyanide solution means that a ton of water contains 
1995 lbs. of water and 5 lbs. of KCy, or that 500 c.c. of a \% 
solution contains 498.75 c.c. of water and 1.25 grammes of KCy. 

If we wish to make up a \% solution of H2SO4 and the 
HjSO^ has a sp. gr. of 1.82, we take 1990 lbs. of water and 10 
lbs. of acid, or we can take 1990 c.c. of water and 5.49 c.c. 



(xf)"' 



acid. 



If we treat 30c grammes of ore with 70 per cent 01 water, 
3 per cent of H2SO4, and i\ per cent of bleaching- powder, we use: 

Ore 300 grammes 

Water 210 " 

Bleach 4i 

H,SO, 9 " or II; 

= 4.9 c.c, which can be measured in a small graduate. 

CALCINING. 

In these notes calcining means the heating of a substance out 
of contact with the air. Roasting is the heating of a substance 
with access of air. 

Examples of calcining are: 

1. Heating an ore like limonite or gothite to drive off its water. 

2. Heating limestone in a retort or crucible; the CO2 is driven 
off and CaO, is left. 

3. Heating a rock to make it more porous or friable. 

In the first two cases, the substances at the end of the roast are 
different from those at the beginning, but heat alone has effected 
the change. In the last case no chemical change has taken place. 

ROASTING. 

We have several methods, and at the end of the roast the sub- 
stances with which we started have generally undergone a change. 

Oxidizing roast is where we roast with full access of air. If 
an ore is FeSj, the reaction will be 

2FeS2+ I lO = Fe20s+ 4SO2. 
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We lose 4 parts of sulphur = 128, and we gain 30 = 48, that is, 
we lose 80 parts. We start with 2FeS2 = 24o parts; therefore we 
lose 33 per cent. 

In this roast we may have Fe304 formed, as well as FejOg, for 
if two roasting dishes containing FeSg are placed in the same 
muffle, one behind the other, the front one will receive more 
air than the back one, and the iron in the front one will probably 
exist as FezOg at the end of the roast, whereas in the back one 
there is liable to be considerable Fe304 present. 

Stilphatizing Roast. — ^This is where we try to form sulphates. 
The SO2 in the oxidizing roast can further oxidize to SO3, and 
this can combine with any FeO or CuO in the ore and form 
FeS04 or CuSO^. AsjOg may also oxidize further and form 
AS2O5, or we may have 3FeO+ As203 = Fe3As20e. The Ziervogel 
Process, where the aim is to form Ag2S04, is a well-known example 
of this kind of roast. 

Chloiidizing Roast. — In this roast salt is added to the ore and 
the object is to form sulphates as in the sulphatizing roast, some 
of which decompose the salt, thus chloridizing the ore. The salt 
may be added at the beginning, at the end, or during the roast. 
Silver ores for amalgamation or lixiviation are treated in this way. 

Roasting and Reaction Process. — This takes place in one 
kind of lead smelting. The PbS is partly roasted to form PbS04 
and PbO. These then act on the PbS still unchanged and we 
have PbS + PbS04 = sPb + 2SO2; 

PbS + 2PbO = 3Pb + S02. 

CHLORINATION OF GOLD ORES. 

Plattner Process of Chlorination. — This method for the extrac- 
tion of gold is applicable to some ores in a raw condition, but is 
especially suited for the treatment of sulphide concentrates from 
stamp-mills, the free gold having previously been extracted. 
Coarse gold is only slowly acted upon by chlorine gas. 

Experiment. — Pulverize the ore through 40-mesh sieve, sample 
carefully, grind sample through 100- or 120- mesh sieve, and assay. 

Take 300 grammes of ore (through 40), and roast dead in an 
iron pan or clay dish (6" clay dish will hold from 125 to 225 
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grammes). It is better to roast two portions of 125 than one 
portion of 250, for the ore in the latter case is apt to be too deep. 

Roast at a very low heat at first to prevent caking (the larger 
the amount of sulphides the lower the heat), and then increase to 
a high temperature, stirring frequently. 

At high temperatures iron and copper sulphate are both 
decomposed: 

2FeS04 = Fe203+S02+S03 and CuSO, = CuO+S02+0. 

The basic iron sulphate is only decomposed at a very high 
temperature. In a dead roast neither sulphates nor sulphides 
are present. If there is any doubt about the roast being dead, 
remove the dish from the muffle, add some fine charcoal, stir 
well, put back in the muffle and roast again, but do not stir at 
first in order to allow the charcoal to bum. Repeat this, adding 
the charcoal when the dish is outside the furnace, until no odor 
of SO2 is detected. 

Ores containing arsenic are especially difficult to roast dead, 
and the addition of charcoal is very beneficial. The charcoal 
reduces the sulphates to sulphides, and arseniates to arsenides, 
which are then broken up with the liberation of SO2 and AsjOg. 
In practice it is not used in roasting, the sulphatfes being broken 
up by heat alone. At the completion of the roast, the gold is in 
a metallic condition and all other metals exist as oxides, with the 
exception of metals like lime, lead, and zinc, which may be present 
as sulphates. Any ferrous sulphate not decomposed would be 
oxidized by the CI gas to ferric sulphate and would do no harm 
(6FeS04+3Cl2 = 2Fe2(S04)3+Fe2Gle), but the consumption of 
chemicals would of course be increased. 

Any sulphides or charcoal left in the ore would be harmful, 
as they would precipitate the gold from the AuClg: 
2AUCI3+ 3CuS = AU2S3+ sCuCLj, or 
3CuS+ 8AUCI3+ 12H2O = 8Au+ 24HCI+ 3CUSO4; 
4AUCI3+ 3C + 6H2O = 4AU+ 1 2HCI+ 3CO2. 

Sift the ore through a 30-mesh sieve to remove any scales 
and break up any lumps. Weigh, sample, grind sample through 
loo-mesh sieve, and assay. 
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Chlorinate the remainder in the following manner: 

MnOj 3 parts or 24 gm. 

NaCl 4 " " 32 gm. 

H2SO4 lo^ " " 84 c.c' (commercial acid) 

H3O 7 " " 56C.C. 
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__-— Clamp. 

Coyer, (d) 

~~ '-QrooTe for rabbet gMfct^ (f) 



By adding the H2O + H2SO4 gradually, the above will run 
about i:^ hours. At the Utica Mine, CaL, the proportions used 
are 90 lbs. MnOj, 100 lbs. salt, and 200 lbs. H2SO4. 
Reactions: 

2NaCl+ H2SO4 = 2HCI+ Na^SO^; 
Mn02+4HC1 =MnCl2+2H20+2Cl; 
MnCl2+ H2SO4 = MnS04+ 2HCI. 

Before placing the ore in bottle A, fill it with water and see that 
it does not leak around the hole and the tube x. 

Moisten the ore sUghtly with from 6 to 20% of water (if 
Hme is present, moisten with dilute H2SO4) and then shake lightly 
into bottle il, which it should not fill more than two thirds (200 
grammes will go nicely in a pint jar). Dry chlorine has very 
little action upon gold. The cover {d) is next put on lightly to 
allow the CI to come through; connect tubes x ^nd z and pass 
chlorine gas through the ore for i to i^ hours, after it is noticed 
coming from beneath cover {d). Keep a vessel of ammonia near. 
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to form NH4CI. Then fill groove (e) with water, put in rubber 
gasket, clamp cover on tightly, and pass in CI for 5 minutes longer. 
Disconnect at (y), stop tube up with a piece of sohd glass tubing, 
and allow jar to stand at least 96 hours, at the end of which time 
the jar should be full of gas. The gold should then be in the 
condition of AuClj. 

Most sulphides and FeS, are attacked by chlorine (R2S+8CI+ 
4H20 = R2S04+8HC1), while most peroxides and ferric oxide are 
not. When cover (d) is removed a strong odor of chlorine should 
be noticed. Leach the ore with as little cold water as possible to 
avoid dissolving any more foreign salts than is necessary. It can 
be done either by forcing water up through tube {x) until it rises 
above the ore, or by pouring water on the ore until it just covers it. 
Allow to stand 15 minutes and draw off at {x). Repeat three 
times more or until a portion of the filtrate tested with FeS04 
gives no purple cloud (gold). The main body of the filtrate should 
be kept separate jrom the portions which have been tested with 
FeSO^. Save all the portions. Evaporate the main solution to 
about 150 c.c. to drive off the chlorine. If it is not clear, add a 
few drops of HCl; if this does not clear it or there is much residue, 
filter. 

The filter and contents should be saved and assayed if there 
is any likeUhood of its containing gold. To the filtrate add the 
portions of AuClg solution containing FeS04 and a little hot fresh 
FeS04: 

2AuCl3+6FeS04= 2Au+Fe2Clfl+ 2Fe2(S04)3. 

If the original ore contained arsenic, we might obtain here a 
whitish precipitate of ferrous arseniate, but the HCl should keep 
this in solution. 

Allow to stand at least forty-eight hours and then filter on a 
small filter. Save this filtrate, add a little fresh FeS04, and allow 
to stand twenty-four hours more to see whether all the gold has 
come down. The moist filter and contents are wrapped in 
10 grammes of C.P. lead, to which has been added three times 
as much C.P. silver as there is gold in the total amount 0} ore 
chlorinated. 

A hot cupel is brought to the front of the muffle and the lead 
and its contents dropped into it. Allow the filter to burn slowly 
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and gradually, pushing the cupel back into the muffle until the 
lead begins to drive. If it does not drive, add more lead. When 
the button is driving tip the cupel slightly in all directions, in 
order to collect any minute globules and filter-ash on the inner 
surface of the cupel. Cupel as usual, part the resulting silver and 
gold bead, and weigh the gold. 

After the extraction of the AuCL,, the ore together with the 
filter is emptied from the bottle into some vessel, is dried, sifted 
from the filter of quartz (a Uttle quartz in the ore will not matter), 
WEIGHED, sampled, a sample put through the same mesh sieve 
as the sample of the raw ore used for assay, and valued. 

Students should obtain all the data given below and should 
hand in a report similar to the following: 

Number and character of the ore. 

Length of roast and how conducted. 

Length of time of passage of chlorine through the ore and 
time of contact with it. 

Manner of leaching and time. 

Precipitant used, i.e., whether FeS04, HjS, or some other. 

Base all the following results on the raw ore or the ore that you 
started with and the gold in it. 

In columns 3 and 4 carry out figures to four places of deci- 
mals; if next figure is 5 or more, increase the preceding figure 
by one. 



Weight. 



Assay. 



Weight of 

Gold in 
Grammes. 



Percentage of Gold 
Lost in Roast. 



Raw ore. . . . 
Roasted ore. 



500 gms. 
475 '' 



5.4 oz. 
5.6 '^ 



.0926 
.0912 



.0014 Q/ 

2=1-51% 

.0926 -^ 



Ore actually chlorinated =381 grammes. 
Ore after leaching with water =380 grammes. Assay .4 oz. 
Gold in tailings (29.166 : 380 : : .0004 : 3ic) = .oo52 grammes. 
If we had chlorinated 475 grammes of ore, the tailings would have been 473 
grammes; therefore the gold in the tailings from 475 grammes 
(29.166 : 473 : : .0004 : x)^.oo6^ grammes. 
Gold actually recovered from 381 grammes = .0677 grammes 
Gold recovered, based on 475 " =.0844 " 
.0844 



.0926 



= 91.14% 
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The following tables should always be added: 

Tabic I. Table II. 

Percentage of gold lost during roast . 1.5 1% 1.51% 

** ** ** ** in tailings. . . 7.02% 702% 

** *' '* saved (actually) . 91.14% (Based on tailings assay) 91.47% 



99.67% 100.00% 

On Nova Scotia concentrates it sometimes seems advisable 
to add HjSOi to the AuCla solution in preference to HCl, but 
ferrous arsenate and arsenite are both more soluble in HCl than 
in H3SO4. 

The gold could also be precipitated from an AuClj solution 
in any of the following ways: 

2AUCI3+ 3H2S = AU2S3+ 6HC1; 

8AUCI3+ 3H2S+ 12H2O = 8Au + 24HCI+ 3H2SO,. 
Which reaction takes place depends upon whether the solution 
is hot or cold: 

2AUCI3+ 3SO2+ 6H2O = 2Au+ 6HC1+ 3H2SO/, 

2AUCI3+ 3PbS = AU2S3+ 3PbCl2. 
Where charcoal is used as a precipitant, Mr. W. M. Davis, 
the inventor, claimed that the reaction which takes place is 
4AuCl8+3C+6H20 = 4Au+i2HCl+3C02, but it seems probable 
that the following also occur: 

6H2SO,+ 3C = 6H20 + 6SO2+ 3CO2; 

6SO2+ 4AUCI3+ 1 2H2O = 4Au-f- 6H3SO,+ 1 2HCL 

Aluminium-foil may also be successfully used in the laboratory. 

In practice the gold and impurities thrown down by FeSO^ 
or H2S are filtered, and if many impurities are present the whole 
material is either roasted at a very, very low heat, to drive off the 
arsenic and other volatile compounds, or else boiled with H2SO4 
or HCl to remove arsenic, iron, and any soluble substances. It 
is then dried and smelted in a graphite crucible with borax glass 
and a little soda, and towards the end of the operation a little 
nitre. 

Borax glass may be replaced by Si02, i.e., the slag must be 
acid so that iron will not go into the bullion. The slag is 
skimmed off and the gold poured into a very hot mould which 
has been oiled or into which fine rosin has been sprinkled. 



METALLURGICAL LABORATORY EXPERIMENTS, 



229 



Formerly the excess of chlorine in the AuClg solution was 
neutralized by passing SO2 gas into it, but it is now found 
better to neutralize with FeS04 which is oxidized to the higher 
sulphate. 

Liquid chlorine, which comes in tanks holding about 130 lbs., 
is used in some works, and i to 2 lbs., it is said, will chlorinate 
a ton of well- roasted ore. 

The FeS04 solution should be clear and light green in color. 
It can always be kept in this condition by dissolving the salt in 
H2O, filtering, and transferring the solution to a bottle. Now 
add a piece of iron and a little H2SO4, so that hydrogen will be 
given off continually. A stopper is now placed in the bottle, 
arranged as per sketch, which allows 
the hydrogen to escape, but no air 
to enter. 

When you wish any of the 
solution do not try to pour from 
opening (c), but remove the stopper. 

Effect of Impurities upon the 
Precipitation of Gold from AuClj. — 
The following experiments were 
carried out by Mr. A. L. Hamilton, 
class of 1900: 

Two solutions of AuClg were 
used, one containing, per 200 c.c. 
of solution, .01087 grammes of gold, 
the other .01120 grammes. These 
values were obtained by three 
methods, throwing down the gold 
from 200 c.c. of solution by means 
of FeS04 and HjS and evaporating 
200 c.c. with litharge. In the 
experiments the required percent- 
ages of the chlorides of copper, 
lime, and magnesia were weighed, 
placed in beakers, and then dis- 




glass plug; 6, rubber tube; 
c, slit in rubber tube; rf, glass 
tube open at both ends; g, 
stopper; /, iron nail. 



solved in 200 c.c. of the gold chloride solution. In the case of 
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arsenic, arseniate of soda was used and the solution was made 
acid with H3SO4 before the addition of the FeS04. 

The following table will give the results of the tests in a con- 
densed form: 



Per 


Gold 


Time 

of 
Precip- 


Per 


Gold 






Gold 




Per 

Cent 

of 


Gold 


Cent 

of Ca 

in 


not 
Precip- 
itated, 


Cent 

of Mg 
in 


not 
Precip- 
itated, 


Time, 
Hours. 


Per 
Cent 
of Ar- 


not 
Thrown 
Down, 


Time, 
Hours. 


not 
Precip- 
itated, 


Solu- 


Per 


itation, 
Hotirs. 


Solu- 


Per 




senic. 


Per 




Copper. 


Per 


tion. 


Cent. 


tion. 


Cent. 






Cent. 






Cent. 


.09 


.297 


115 


.012 


1.38 


120 


.017 


1.07 


300 


.002 


.276 


.18 


.644 


(( 


.029 


132 




•045 


2.81 


* * 


.004 


.276 


.36 


■507 


(( 


.058 


1-25 




.088 


4.64 


** 


.Oil 


.460 


.90 


6.58 


( ( 


.117 


I. II 




.265 


9.46 


(( 


.019 


.276 


1.80 


6.08 


1 1 


•234 


.67 




.443 


10.27 


^i 


•03 


.276 


3.60 


6.00 




.585 
1. 17 


.80 

.98 




.885 
1.77 


II. 61 
12.46 


(( 







All the above results are in each case the average of two experi- 
ments. In the tests where lime, magnesia, and arsenic were 
present FeSO^ was used as a precipitant ; where copper was pres- 
ent HjS was used. 

A small amount of copper seems to have very little effect either 
when HjS or FeSO^ is used. A small amount of magnesia seems 
to be a detriment, and arsenic a great detriment. In the case 
of lime, anything above .5% appears to be harmful. To see 
whether CaSO^ would drag gold down from a chloride solution 
the following tests were made: 

AuClg solution 200 c.c. 

Gold contents 01120 grammes. 

Solutions stood 250 hours. 



Grammes CaCl2. 


Percentage of Ca 
in the Solution. 


Cubic Centimetres 
of H2SO4 added. 


Gold Recovered from the 

CaS04. Average of 

two tests. 


.2 

I.O 

2 

5 

10 
20 


•03 
.18 

.36 

.90 

1.80 

360 


2 

5 

8 

10 

IS 

25 


.00004 grammes 

. 00005 ** 

.00008 

. 00004 * * 

.00008 

. 00009 * ' 



Barrel Process of Chlorination. — Gold ores which have been 
roasted, in order to free them of sulphur, arsenic, and similar 
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impurities, may be chlorinated by this process, in which the 
chlorine is generated by means of bleaching-powder and HjSO^. 

Laboratory tests may be successfully carried out as follows: 

Experiment. — Sample and assay the original ore; if it is raw, 
roast it as described under the Plattner Process. Take a pint 
or quart fruit- jar having a glass cover and rubber gasket, and 
test it with bleach and H2SO4 to see whether it is tight. If so, 
put some water (equal in weight to about 70% of the roasted 
ore taken for chlorination) in the jar. Now take 300 or more 
grammes of roasted ore (through a 30- or 40-mesh sieve) and mix 
it with the specified amount (see bulletin-board) of bleach, pass the 
whole through a 20-mesh sieve to remove any lumps, and pour 
the mixture into the jar. The object of this is to prevent the 
balling up of the bleach and the formation of CaSO^ on the out- 
side of the lumps and hence a loss of bleach, when the H2SO4 is 
added. Add the specified amount of H2SO4 and stopper the jar 
quickly and tightly by means of the glass cover and rubber gasket 
or with a solid rubber stopper and a large iron washer between the 
rubber stopper and the spring clamp. Wrap the jar in a cloth 
or towel, in case it should break, shake easily and gently, and 
then rotate in the laboratory apparatus for the required length 
0} time. The contents of the jar should be of the consistency of 
thin mud, and the amount of water depends both upon the charac- 
ter of the ore and the amount of H2SO4 and bleach used. The 
amount of these depends upon the character of the ore and the 
impurities in it, which have to be converted into chlorides and 
sulphates. 

The acid is generally i^ to 2 times the weight of the bleaching- 
powder used. When the jar, vessel, or barrel has been revolved 
the required length of time it is opened, when it should smell very 
strongly of chlorine. Fill jar with water, stir well, and allow to 
stand 15 minutes; throw contents on a large filter, allow to drain, 
cover contents of filter with water, again allow to drain, and 
repeat twice more or until a concentrated solution of FeS04 
gives no test for gold when added to the filtrate and allowed 
to stand some time. 

The main body of the filtrate should be kept separate from 
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the portions which have been tested with FeS04. Save all the 
portions. Besides the AuClg, the filtrate contains sulphates sol- 
uble in water and possibly some free H2SO4. Evaporate the solu- 
tion to 250 or 300 C.C., but remember that CaSO^ is less soluble in 
hot HjO than it is in cold; therefore, if the filtrate is heated and 
evaporated too far, CaS04 will separate out. This can be dis- • 
solved in HCl, but if we have HCl and H2SO4 both present in the 
solution, the gold will not wholly come down. 

Therefore, if CaS04 does come down, we must either filter 
it off (save filter and contents) before adding the FeS04, or 
evaporate the whole solution down to dryness in a casserole or 
evaporating-dish and make a regular fusion of the whole residue 
in a crucible glazed on the inside. Cupel the lead button, after 
the addition of silver, and part the resulting silver and gold bead 
for gold. If the AuClg solution is filtered, the filtrate is treated 
as per Plattner Process, commencing, "To the filtrate add,^^ etc. 
(page 226.) 

Place the filter and contents (ore after leaching) in a roasting- 
dish and burn the filter in a muffle, pass the whole dry material 
through a 20-mesh sieve, to remove any lumps, weigh, sample, 
crush sample through same sieve as the original sample for assay, 
and value. From these data and the weight and assay of the ore 
used, calculate the percentage of gold extracted and other data as 
per example under Plattner Process. Give in jttll all the data 
possible connected with the experiment, and make out a report 
similar to that under Plattner Process (pages 227 and 228). 

Of course the whole object of the experiments on any ore is 
to convert the gold into AuClg, and have the consumption of 
chemicals small, and the time consumed in treatment as short as 
possible. A silicious ore, for instance, would consume no chlorine, 
while a calcareous ore would consume a great deal. For this 
reason a little salt is often added to the ore just previous to its 
being discharged from the roasting-fumace. In some laboratory 
tests I have found it necessary to add 6 per cent H2SO4 and 10 
per cent of bleach before a successful chlorination was obtained. 
These high percentages would, of course, be prohibitory in practice. 

In some ores better results seem to be obtained by adding all 
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the acid and bleaching-powder at one time and then rotating the 
vessel; in others, by adding part of the chemicals, rotating for 
some hours, and then adding the remainder of tlie chemicals and 
rotating again. 

In some works water is added first, then the acid, and lastly 
the bleach; in others, the H2SO4 and water are first charged, then 
the ore, and lastly the bleach; still others add the water, bleach, 
ore, and lastly the acid. 

The water used for washing is generally 3000 to 5000 lbs. 
per ton of ore treated. 

Bleaching-powder, when fresh, contains from 25 to 37% avail- 
able chlorine, and it should be kept in a cool, dry place, for if 
it becomes moist it is worthless: 

CaCl203+ CaCl2+ 2H2S04= 2CaS04+ 2H2O+ 2CI2. 
Remsen gives these reactions : 

CaCC10)a+H,S0,=CaS0,+ 2HCIO; 
CaCl2+ H3SO, = CaSO,+ 2HCI; 
2HCI+ 2HCIO = 2H2O+ 2CI2. 

The proportion of chemicals and ore formerly used in some 
large works is as follows: 



Ore, 

Ton. 



H2SO4, 
Pounds. 



Bleach, 
Potinds. 



H2O, 

Gallons. 



Approx- 
imate 
Cost per 
Ton. 



Mt. Morgan, Queensland 

Halle Mine, S. Carolina 

Golden Reward, Dakota 

Gibbonsville, Idaho 

Gillette, Colorado 

North Brookfield, Nova Scotia. . . 



33 
15 
40 
12 
30-40 
30 



30 
10 

15 
9 

15-20 

15 



Cost if to 2 cents 
per pound. 



80 
120 
100 



$7-50 
4.65 

5.50 
5.00 



T. K. Rose says that, " at ordinary temperatures, water will 
absorb 2^/^ volumes of chlorine gas and enough lime is added to 
have the solution in the barrel saturated/' 

The time of rotating the barrel or vessel varies from two to 
six hours. 
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The following series of tests may be tried to see if a satisfactory 
extraction can be obtained: 



No. 



Weight of Ore 
njsed. 



HjQUsed. 



Percentage of 

the Roasted Ore 

Taken. 



Acid. Bleach. 



Treatment. 



A 
B 

C 

D 

E 

F 
G 
H 



300 gms. 



70% of ore 

(( It t* 

it (< I ( 

(( Hit 

it it (f 

(< ( ( <• 

It it tt 

tt (f tt 



1% 
2% 



3%. 

4%' 

4% 

S% 



% 
% 

% 

\% 

i% 

i% 
2% 
2\% 



Rotate I J to 3 hours. 
(( <((((< it 

{Add } and rotate i hour. 
Add rest and rotate i hour. 
Rotate 2 hours. 

{Add \ and rotate i hour. 
Add rest and rotate i hour. 

Rotate 2 hours. 

it 3 it 

it 3 ti 



The smallest percentage of chemicals that will give a satis- 
factory extraction having been determined, the next experiments 
should be made in regard to the time necessary to give an equally 
good extraction. The shorter the time, the greater the number 
of charges per twenty-four hours, consequently the larger the 
tonnage per day and the smaller the cost of treatment per ton. 

These data having been established, the student should con- 
firm the smaller tests by making tests on a much larger scale. 



THE CYANIDE PROCESS FOR TREATMENT OF GOLD ORES. 

Concentrates from stamp-mills and ores high in sulphurets and 
rich in gold were formerly either smelted or else roasted and chlor- 
inated by some of the well-known processes, such as the Plattner 
or barrel. The cyanide process was intended, and it was origi- 
nally claimed for the process that it would treat ores of this char- 
acter, as well as mill tailings, in a raw condition, a large per- 
centage of the gold and a part of the silver going into solution as 
cyanides. Many ores can be treated successfully in a raw con- 
dition, but many others have to be roasted first. They are next 
treated with an alkali wash, if necessary, and finally with weak 
solutions of KCy. The size of the material varies from J-mesh to 
slimes, but the coarser the ore can be kept, owing to the ques- 
tion of leaching, with a satisfactory extraction, the better. 
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KCy exposed to air deliquesces and emits HCy as well as 
ammonia: 

2KCy + CO2+ H2O = K3CO3+ 2HCy ; 
2KCNO+4H20 = K2C03+ (NHJ^COs. 

The KCy solutions vary from .005 to i%; weak solutions 
apparently have a greater solvent power upon gold than thp 
stronger ones. Air is supposed to be a. great factor in the solu- 
tion of the gold: , 

2Au+ 4KCy+ 0+ H2O = 2KCy,2AuCy + 2KOH; 

i.e., 2X196 : 4X65 = 3 : 2, or 2 parts KCy should dissolve 
3 parts of gold, but in practice 30 to 50 parts are required. The 
gold may be precipitated from the auric cyanide by zinc shavings, 
by zinc dust, by charcoal * or by electrolysis. When zinc is used 
we have 2KAuCy2+Zn = 2Au+K2ZnCy4, i.e., i lb. of zinc should 
recover 6 lbs. of gold, but in practice it only recovers about 
I ounce of gold. 

FeS04, oxalic acid, HgS, and reagents which throw down 
gold from AuClg, do not throw it down from the auric cyanide. 
In the present tests we will not attempt to recover the gold 
from the 2KAuCy2, but will base the extraction upon the assay 
of the ore before and after treatment with the KCy. In test- 
ing ores by this process, the following points would naturally 
have to be decided: 

I St. Is the ore or material adapted to this process; free 
H2SO4, FeS04, and copper salts not only interfere with it, but 
increase the consumption of the cyanide: 

2KCy +H2S04=K2S04+2HCy (hydrocyanic acid); 

2KCy +FeS04=K2S04+FeCy2 (ferrous cyanide); 

6KCy +FeS04==K2S04+K4FeCye or FeCy2+4KCy=K4FeCy«; 

FeC03+ 6KCy = K2CO3+ K4FeCy,. 

2d. How coarse can the ore be kept while yet allowing a 
successful extraction (fine ores, sUmes, and especially aluminous 
ores are difficult to leach and filter). 



* See Mining and Metallurgy , vol. 7, 1898-99,. p.. 190. 
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3d. What percentage of KCy will extract the highest per- 
centage of gold with the smallest consumption of itself. 

4th. The proper strength of KCy having been found, what 
is the shortest length of time the ore can be left in contact with 
it, still giving you a successful extraction. 

5th. Can the extraction be improved either by agitating the 
ore and the solution or by aerating them. 

Tests can be made as follows: 

Ore treated in open beakers. 

Ore treated in closed vessels. 

Ore agitated in open or closed vessels. 

Ore acted on for a long time, solution drawn ofif, and then treated 
with a weaker solution. 

Ore acted on during several periods, either short or long, and 
allowed to aerate between them. 

Ore kept in agitation and aerated at the same time. 

Experiment. — Sample and assay the original ore. Take 2 A.T. 
to 500 grammes of ore (I prefer to take two portions of 2 A.T. 
«ach), and treat for a given length of time with a solution of KCy, 
according to the data given on the bulletin-board, an example of 
which is given on page 238. 

Filter by decantation on a large filter and wash thoroughly 
with water. The filtrate is thrown away. Invert the filter and 
contents on a roasting-dish and heat first in front of the muffle, 
then within, and finally bum the filter. Weigh 
the residue, and if it is caked or in lumps, pass 
it through a sieve slightly coarser than the one 
through which the ore was originally crushed. 
Mix thoroughly and divide the ore into two 
equal portions by placing a spatula full, first on one balance-pan of 
the pulp-balance and then on the other, until they exactly balance. 
Transfer one portion, if ore is as fine as 30-mesh, without any 
further grinding, to a crucible, and then weigh the other. Make 
record of the weight. Assay both portions, which may not check 
exactly, owing to the coarseness of the ore, but this saves grind- 
ing, and as we obtain the total gold in the total ore it is immaterial 
whether they check or not. 




METALLURGICAL LABORATORY EXPERIMENTS, 



23r 



From these data and the assay of the original ore, calculate 
the percentage of gold extracted. The ore to be tested, the 
experiments to be made, and the data to be obtained, will be posted 
upon the bulletin-board. 

Report, — ^The report upon this process should be handed in 
with the following data and table: 

Number of the sample or name of the ore. 

Character of the ore. 

Size of the ore, i.e., what sieve it will pass through and whether 
it is raw or roasted. 

Assay of the ore. 

Amount of solution and the percentage of KCy in the solution 
used upon the ore. 

Period of contact of this solution with the ore. 

Conditions under which it acted; i.e., was an open or closed 
vessel used; were the ore and solution agitated; was the ore 
aerated? 

Diameter of vessel used and depth of ore and solution in the 
vessel. 



Ore 
Used 
2A.T. 


Total 

Gold in 

Ore Used, 

Gms. 


Weight of 
Ore after 
KCy 
Treat- 
ment. 
Gms. 


Assay of 
Ore after 
Treat- 
ment. 
Gms. 


Total 

Gold 

in Tail- 

Gms. 


Total Gold in 

Tailings (6),* 

Gms. 


Extract- 
ed, 
Based 
on (a). 


Extract- 
ed, 
Based 
on (6). 


Example 

No. I. 

Assay 

per ton. 

1.36 oz. 

Example 
• No. 2. 


.00136 

2 


28.915 

28.900 

27.140 
27.140 


.00008 

.00008 

.0007 
.0007 


.00016 
.00140 


.000161 
.00150 


94.1% 
96.33% 




.00272 

.03820 


94% 
96.07% 



The KCy solution from the last test was evaporated down with PbO (30 
grammes) and the residue fused in a glazed crucible. 
Gold = 0.364 grammes, or an extraction of 95.28%. 



* There is probably a mechanical loss of tailings, and these tailings arc 
assumed to assay the same as those saved. 
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EXPERIMENTAL TESTS ON A GOLD ORE AS TO ITS ADAPTABILITY 
FOR THE CYANIDE PROCESS. 

Silicious ore carrying ij per cent FeS,. Raw, crushed through 20-mesh sieve. 
Assay, .38 oz. Value @ $20«Vioo per oz. = $7*/ioo- 



d 


Weight 
of Orp 
Taken. 


Water 
Used. 


Percent 
ofKCy 
in Solu- 
tion. 


Time of 
Contact, 
Hoiirs. 


Extrac- 
tion, 
Per 
Cent. 










i 


16 
16 
48 


6S 

66i 

82 


1 Washed with water and then 


A 


2 A.T. 


60 c.c. 


with a weak solution of 


B 
C 






(( 


KOH and again with water, 








before treatment with KCy. 


D 






<< 


48 


59 


Did not wash. 


E 






1 


48 


76i 


ti tt < < 


F 






ti 


120 


96 


Roasted the ore and then 
washed with KOH and HjO. 


G 






(1 


120 


89 


Raw ore; did not wash. 


H 






(( 


140 


94 


tt < ( tt tt tt 


I 






(( 


90 


95 


Treated in an inverted bottle. 



mm 



In the last test the ore is first kept in contact with the KCy 
solution, then allowed to aerate (time of contact 
40 hours, time of aeration 10 hours) , again placed 
in contact, and then washed with water. 

The above tests, with the exception of I, 
were made in open beakers, and the ore was 
not stirred or agitated. They indicate that 
this ore can be treated successfully by this 
process, that a \% solution of KCy seems better than J%, 
and that roasting and aerating both increase the extraction. 
Further tests should be made in regard to the time of contact, and 
tests on large amounts of ore should be made to see whether they 
confirm the small ones, and also in regard to the consumption of 
KCy. 




On 

Filter pUto 
aiawtub* 
Cliunp 
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THE CYANIDE PROCESS AS APPLIED TO THE CONCENTRATES 
FROM A NOVA SCOTIA GOLD ORE * 

The following work, performed by Mr. W. A. Tucker, of the 
class of 1893, in the Mining Department of the Massachusetts 
Institute of Technology, seems to me to be worthy of publication. 
I believe it has always been considered that the presence of arsenic 
especially interferes with the extraction of gold by the cyanide 
method. Mr. Tucker's work, although made on a laboratory 
scale, certainly seems to disprove this view, and to show that, 
even with a very large percentage of arsenic present in the ore, 
a high extraction may be obtained without an excessive con- 
sumption of KCy. 

The ore from which the concentrates were obtained was a 
gray argillaceous schist anci slate, with stringers and veins of 
•quartz running through it. It carried free gold and about 12 per 
cent of sulphides. The ore was crushed with stamps; the free 
gold was collected in the ordinary .way on silver-amalgamated 
copper plates; and the sulphides, which consisted chiefly of 
. arsenopyrite and pyrite, with very small amounts of galena and 
chalcopyrite, were concentrated and collected by means of a 
Frue vanner. 

A carefully taken sample gave: 

Gold 6.17 ounces per ton 

Arsenic 30.6 per cent 

The latter figure would correspond to about 66.5 per cent of 
arsenopyrite in the concentrates. 

The work to be done was outlined as follows: 

1. Sizing the concentrates; 

2. Assaying the different sizings; 

3. Treating these different sizings with KCy of different 
degrees of strength for different periods of time. 

* Transactions of the American Institute of Mining Engineers. Florida Meet- 
ing, March, 1895. 
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Owing partly to the small amount of concentrates found on the 
40- and 6G-mesh sieves, and partly to the lack of time, the follow- 
ing four series were substituted in place of carrying out No. 3 : 

Series I. — ^Treating concentrates with a given amount of a 
I per cent KCy solution for different periods of time. The solu- 
tion, instead of being all added at once, was added in three portions. 

Series II. — ^Treating a given amount of concentrates with an 
equal quantity of a i per cent solution of KCy for different 
periods of time, the KCy not being renewed as in Series I. 

Series III. — ^The same as Series II, except that the con- 
centrates were revolved with the KCy solution in bottles, and 
did not simply stand in contact with it, as in the previous series. 

Series IV. — Concentrates and solution in motion; strength 
of KCy solution, time of contact and amount of solution varying. 

SIZING AND ASSAYING CONCENTRATES. 

A sample of the concentrates sized and assayed resulted as 
follows: 



Sieve Mesh. 


Proportion of 

&mple. 

(Per Cent.) 


Assay. 
(Ounces 
per Ton.) 


Gold. 


Proportion of 
Total Gold. 


Throiagh. 


On. 


(Per Cent.) 




40 
60 
So. 


0.412 

0.449 

4.010 

92.710 

2.419 
100.000 


25.70 

27.10 

10.69 

6.00 


0.000363 
0.000417 
0.001468 
0.019005 

0.021253 


I. 71 

1.96 

6.90 

89.4s 


40 
60 
80 






Lost 




Total 


100.00 









The above assays include, of course, the free gold (pellets), 
which may have been found on the 40-, 60-, and 80-mesh sieves. 



TREATMENT WITH CYANIDE. 

Series I. — One A.T., or 29.166 grammes, of concentrates 
passed through a 30-mesh sieve, and assaying 6.17 ounces per 
ton, was treated with 100 c.c. of KCy (i per cent) solution. This 
solution was added at three different times in equal portions, 
the first portion being drawn off before the second was added^ 
and so on. 
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The apparatus employed was an inverted glass bottle, with 
the bottom cut off, and a perforated porcelain plate laid across 
at the point of contraction to the neck, so as to form (in the in- 
verted position) a fake bottom. Below this, the neck was closed 
with a rubber stopper, through which passed a glass tube, fitting 
outside to a rubber tube, closed with a pinch-cock. 

The result of these tests was as follows: 



Time of Adding KCy, 


Time of 










Calculated from First 


Withdraw- 


Assay of 

Ounces per 
Ton. 






Grammes of 


Addition. 


ing the Third 
KCy. 


of Gold 
Extracted. 


Orammes of 

KCy 
(Consumed. 


KCy Used 
per Gramme 






of Gold 


Second. 


Third. 








Extracted. 


(Hours.) 


(Hours.) 


(Hours.) 










16} 


20J 


23 


1.92 


68.88 


O.II2 


26.4 


16J 


20J 


^Z 


2.39 


61.26 


0.124 


32.8 


23J 


^^. 


51 


1-43 


76.82 


0.168 


35-4 


22J 


29i 


51 


2.82 


54.29 


0.146 


43-6 


23 


65 


70 


1.44 


76.66 


0.155 


32.8 


23 


6s 


70 


2.78 


54.94 


0.156 


46.0 


24 


44 


94 


I-5I 


75- 52 


0.169 


36.3 


24 


44 


94 


2.67 


56.72 


0.206 


58.9 


24 


44 


94 


I-5I 


75.52 


0.165 


35-4 




94i 


118 


1.62 


73.74 


0.164 


36.0 


20} 


94J 


118 


1.56 


74.72 


0.202 


43-8 


»oi 


94J 


118 


123 


80.06 


0.202 


40.9 



These results were not at all satisfactory, for they neither indi- 
cated that the extraction increased with the time of contact, nor 
did they show in what period of the contact the solution of the 
gold took* place. 

Series II. — ^The apparatus used was the same as in Series I. 
Quantity of concentrates (through 30-mesh), 25 grammes; assay, 
6.17 ounces per ton; quantity of KCy (i per cent) solution, 25 c.c. 
The solution was not changed. 

These experiments seem to show that the extraction of gold 
increases with the time of contact of the KCy. Apparently, the 
consumption of KCy increases with the time. This large con- 
sumption in both Series I and II is no doubt due to the free 
access of air to the apparatus in which the tests were made. 

While working on these experiments, 25 grammes of concen- 
trates and 25 c.c. of KCy solution were put in a bottle, tightly 
stoppered, which was caused to revolve. The extraction was 
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such an improvement on all the previous work that all other 
experiments (Series III and IV) were conducted in this way. 



Duration 

of Treatment. 

(Hours.) 


Assay of Tailings. 
(Ounces per 
Ton.) , 


Per Cent, of 
Gold Extracted. 


Grammes of 
KCy Consumed. 


Grammes KCy 
Used per Gramme 
of Gold Extracted, 


l6 


2.97 


51.84 


.064 


23.4 


l6 


2.75 


55.43 


.065 


22.2 


22 


2.30 


62 . 72 


-058 


I7-5- 


22 


2.17 


64.83 


.058 


16.9 


25i 


2.12 


65.64 


.065 


19.6 


71 


251 


59 32 


.124 


39.5 


71 


2.24 


63.69 


.118 


35.0 


7J 


2-57 


58-35 


.127 


41. 1 


ii8 


1. 61 


73.91 


.091 


23.3 


ii8 


1.40 


77.31 


•131 


32.5 


n8 


1.26 


79.58 


•134 


31. 1 



Series III. — Quantity of concentrates (through 30-mesh), 25 
grammes; assay, 6.17 ounces per ton; quantity of KCy (i per 
cent) solution, 25 c.c. Bottles and contents revolved. 



Duration of 


Assay of Tailings. 
(CKmces per 


Per Cent Ex- 


Grammes of 
KCy Consumed. 


Grammes of KCy 


Revolution. 


tracted.Calculated 


Used per Gramme 


(Hours.) 


Ton.) 


from No. a. 


of (jold Extracted. 


2 


0.39 


93.^ 


. 0.022 


4.44 


2 


I. II 


82.01 


0.033 


7.60 


2 


0.82 


86.71 


0.035 


7.63 


2 


0.82 


86.71 


0.032 


6.97 


4 


0.66 


89.30 


0.072 


15.25 


4 


0.62 


89.95 


0.042 


8.82 


5- 


0.58 


90.60 


0.053 


11.06 


5l 


0.47 


92.38 


0.063 


13.07 


23 


0.42 


93.19 


0.031 


6.42 


23 


0.58 


90.60 


0.043 


8.98 



These experiments seem to indicate that to revolve the bottles 
about six hours was sufficient, and that the extra amount of gold 
extracted would hardly compensate for a longer revolution. 

Series IV. — Bottles and contents revolved. 

The large consumption of KCy in the last two tests was due 
to insufficient washing. 

In none of the tests were the concentrates washed with water 
previous to their treatment with cyanide. Owing to lack of time, 
Mr. Tucker was unable to test the solutions for arsenic, or to 
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Concentrates through 30-MESH; Assay, 6.17 Ounces peb 


. Ton. 


Duration 
of Revo- 
lution. 
(Hours.) 


Weight 
of Ore. 
(Grras.) 


Strength 

of KCy. 

(Per 

Cent.) 


Quantity 

of KCy 

Solution. 

(c.c.) 


Assay of 

Tailings. 

(Oz. per 

Ton.) 


Percent 

of Gold 

Extracted. 


Grammes 

of KCy 

Consumed. 


Grammes 
of KCy per 
Gramme of 
Ck.ld Ex- 
tracted. 


4 


50 


I.O 


25 


0.87 


65.90 


.026 


2.84 


4 


50 


I.O 


■ 25 


0.71 


88.49 


.094 


10.03 


4 


25 


0-5 


25 


0.47 


92.38 


.014 


2.86 


4 


25 


05 


25 


0.66 


89.30 


.009 


1. 91 


4 . 


25 


0.5 


25 


0.89 


85.57 


.014 


3-09 


i6i 


25 


0.5 


25 


0.97 


84.28 


.055 


12.33 


i6i 


25 


0-5 


25 


0.57 


90.76 


.050 


10.42 


23 


25 


0-5 


25 


0.51 


91-73 


•045 


9.28 



Concentrates through 8o-mesh; Assay, 6 Ounces per Ton. 



Duration 
of Revolu- 
tion. 
(Hours.) 


Weight 
of Ore. 
(Grms.) 


Strength 

of KCy. 

(Per 

Cent.) 


Quantity 

of KCy 

Solution. 

(c.c.) 


Assay of 

Tailings. 

(Oz. per 

Ton.) 


Per Ont 

of Gold 
Extracted. 


Grammes 

of KCy 

Consumed. 


Grammes 

of KCy per 

Gramme 

of Gold 

Extracted. 


6} 
6i 


1000 
1000 


I.O 

0-5 


1000 
1000 


0.70 
1. 00 


88.30 
83-33 


7-033 
3-617 


77.06 
40.22 



see whether all the gold could be recovered from them; so we 
are unable to give any data on these points. While we realize 
that these are simply laboratory experiments, that the tailings 
are in all cases too rich to be thrown away, still we consider the 
extraction remarkably high on material carrying the percentage 
of arsenic that this does. Making the tests in a closed vessel 
lessens the consumption of KCy, as one would expect. As the 
extraction also increases, this would seem to be contrary to 
Eisner's equation, to which oxygen is necessary; and certainly 
there could hardly be enough in a small bottle to influence the 
extraction. Keeping the ore and solution in agitation certainly 
seems to have helped the extraction, although this method of 
working has met with very little success in actual practice. 

REACTIONS IN THE CYANIDE PROCESS. 
The following are some of the simpler reactions which take 
place in various stages of the process: 

In Preliminary Treatment. 

Fe20a,3S03+ 6NaOH = Fe2HeOe+ sNa^SO,. 
Fe2Q8,2S03+ 4NaOH+ H3O =Fe3HeOe+ 2Na,S04. 
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FeSO^ + CaHjO, = FeHjO,+ CaSO^. 
ZnS04+ 2NaOH = ZnH A+ Na^SO^. 

In Solution Tanks. 
4KCy+ 2Au+ H,0+ O = 2KAuCy,+ 2KOH. 
4KCy+ 2Ag+ H3O+ O = 2KCy,2AgCy + 2KOIL 
2KCy+ FeS04=FeCyj+ KjSO^. 
FeCyj + 4KCy = K^FeCye. 

Fe,(SO,),+6KCy+6H,0=Fe,HeO,+ 3K,SO,+ 6HCy. 
3K,ZnCy4+4Au+ 20=4KAuCy,-f K,Zn03+ 2ZnCya. 
A1,(S0,)3+ 3H,0 + 6KCy = Al,03+ 3^,80, + 6HCy. 

In Air. 
2KCy+ CO3+ H,0 = 2HCy+ K,CO,, 
KCy + O = KCyO. 2KCNO +30 = K3C0,+ €0,+ 2N. 
2KCy+ 2HaO = 2HCy+ 2KOH. 

Substances in Solution. 
ZnCy,+4KOH('^'^^j^^^)=K,0,ZnO+2KCy+2H30. 

K^nCy^+ CaHjO,=ZnH,03+ 2KCy+ CaCy,. 
In Precipitating-tanks and Zinc Boxes. 

2KAuCyj+ Zn = K3ZnCy4+ 2 Au 
2HjO+Zn=ZnH20j+ 2H 
ZnH,03+ 2KCy =ZnCy,+ 2KOH 
Zn+Cy2=ZnCy2 
ZnCy3+ 2KCy = K3ZnCy4 
2KOH+ CO3 = KaCOaH- H3O 
HCy + KOH = KCy + H3O 
Electrolysis will give from KAuCy, = Au+ K+ 2Cy : 
K+H30 = K0H 
2KOH + Zn = ZnK302+ 2H. 

Testing a Roasted Ore for Siilphates. — ^The following test will 
determine if a natural ore or one that has been roasted contains 
salts, soluble in water, which would be detrimental to the Cyanide 
Process: 

Take 100 to 300 grammes of the ore and put in some vessel, 
add 300 c.c. of water, stir for 5 minutes or so and filter. Add 



METALLURGICAL LABORATORY EXPERIMENTS. 245 

slowly a small amount of KCy solution of the same strength to 
be used in leaching the ore. Watch the solution carefully for any 
cloudiness. If none appears the ore is ready to be treated or is 
probably dead roasted. If a brown color shows, soluble salts 
of iron are present in the ore and will cause a high consumption of 
KCy and precipitation of ferrocyanide compounds in the zinc- 
boxes: 

FeS04+2KCy=K2S04+FeCy3 (ferrous cyanide). 

If a blue coloration occurs, followed by a blue or greenish 
precipitate, then the ore contains a large amount of sulphates 
and a very high consumption of KCy will take place: 

FeCy2+4KCy=K4FeCy6 (potassium ferrocyanide). 

Alkali or Alkali Wash. — ^Many ores are quite acid, especially 
those that have been much weathered. This acidity is generally 
due to the presence of sulphates, especially FeS04. To determine 
the amount of lime or alkali to add to an ore in order to neutralize 
this acidity proceed as follows: 

Dissolve 10 grammes of NaOH in 1000 c.c. of water. .*. each 
cubic centimeter contains .01 grammes of NaOH. 

Take 200 grammes of ore and leach thoroughly with water. 
Titrate this solution with NaOH. 

If we run in 26.2 c.c. of NaOH solution, then it takes .262 
grammes of NaOH to neutralize the acidity qf 200 grammes of 
ore or 2.62 lbs. to neutralize 2000 lbs. of ore. 

Poisoning. — Potassium cyanide is a deadly poison and very 
quick in its action; therefore when large amounts of solution con- 
taining KCy are being discharged from mills, the matter is a 
serious one. Hydrocyanic acid acts directly on the nervous 
system, causing instant paralysis (jaws close and it is necessary 
to use force in- opening them); hence any treatment that will 
excite the action of the nerves, such as the application of cold 
water to the spine and inhalation of ammonia, may be tried in 
cases of faintness produced by breathing the vapor of the acid. 
When KCy gets into cuts it may produce painful sores, and men 
employed in melting the zinc slimes are subject to an eruption on 
the arms and often complain of headache and giddiness. Ferro- 
cyanide of potash has been recommended for the eruption. For 
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cases of internal poisoning freshly precipitated carbonate of iron 
is the best antidote (FeC03+6KCy=K4FeCy«+K2C03), potas- 
sium ferrocyanide being formed in the stomach. Next give a 
purgative. Walk person about and prevent sleep. 

The FeCOs is obtained by adding a solution of carbonate of 
soda to ferrous sulphate (FeS04+Na2C03=FeCOs+Na2S04), 
and a bottle of each of these should be kept constantly on hand 
in every place where KCy is being used. The freshly precipi- 
tated white carbonate of iron should be given immediately, for it 
soon oxidizes to the brownish-black ferrous hydrate, and this, to 
the ferric hydrate: 

FeC03+H20=Fe(HO)2+C02; 
2FeH.A+H30+ O =Fe2HeOe. 

Some cases of poisoning occurring when men are treating the 
zinc-box residues have been found to be due to arsenic and not 
to KCy. 

If an ore contains arsenic, some of this metal will be deposited 
on the zinc. When the zinc is treated with acid later on, the 
deadly arseniuretted hydrogen will be given off: 

Zn3As2+ 3H2SO4 = 2ASH3+ sZnSO^ 
or 

6Zn+ AS2O3+ 6H2SO4 = 2AsH3-f 6ZnS0,+ 3H2O. 

Potassium Cyanide. — Practically pure KCN can be purchased, 
which should be used to standardize the silver nitrate solutions. 

The ordinary commercial KCN is far from pure, as will be 
seen from the following analyses: 





No. I. 


No. 2. 


No. 3. 


No. 4. 


No. 5. 


Potassium 


38.5% 
10.4 

38.2 

I 

3.2 

none 

none 


54.2% 
none 
18.2 
12.2 

2.3 
none 
II. 6 


18% 

293 

14.4 

8.7 

7-9 
14.2 
none 


21.8% 
27.1 

19 

21.4 
1.8 

8.3 
none 




Sodium 




CN 


13.6% 


rr% ^Calculated froms 
*^^3 V carbonates ; 

Caustic alkali 

CI 


CNO 









In KCN there is 40% CN; therefore the per cent purity of 
the above lots would be 

^=95i%, ^=45i%, 36%, 47i%. 34%. 
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Titration of the KCy Solution. — ^Take an aliquot part of the 
KCy solution, add a few drops of a 5% solution of KI as an 
indicator and run in from a burette a standard solution of neutral 
AgNOa. The end-point is a pale bluish coloration with a slight 
precipitate ,of AgCy. Double cyanides of metals and potassium 
do not interfere with the titration. Silver cyanide is insoluble 
in water, but is soluble in KCy and CaCyj; therefore, while 
these are present, the AgCy thrown down is immediately dis- 
solved; when they are neutralized, the AgCy will remain as a 
precipitate. 

Any KCyO present in the solution will also give a precipitate 
until neutraUzed. 

The reactions which take place are as follows: 

la. KCy+AgNOs=AgCy+KNOs. 

16. AgCy + KCy =KAgCy2. 

2. KAgCy2+AgN03=KN03+2AgCy (end-point: white pre- 
cipitate). 

3. AgNOs+KI (indicator) = KNOs+AgI when no KCy is 
present. 

If in equation (2) we continue to add AgNOg, after the white 
precipitate first appears, a precipitate will continue to come 
down until all the KAgCyj in the solution is broken up. 

If too much alkali has been used as a wash, we may 
obtain CaCya in this way: K2ZnCy4+CaH202=ZnH202+ 
2KCy+CaCy2. 

From the reaction AgN03+2KCy=KAgCy2+KNOs we see 
that I part AgNOj is equivalent to 2 parts KCy, or 170 parts 
AgNOg can be added to 130.2 parts KCy before a precipitate 
comes down. 

.-. ICC. KCy=^^ or 1.3056 AgNOj. 

If, therefore, we add 1.3056 grammes AgNO, to a litre of 
water, it will correspond to i gramme KCy, and each c.c. will 
contain .001305 granmies of AgNOs and correspond to .001 
grammes KCy. 

Suppose that 50 c.c. of some unknown KCy solution takes 
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50 C.C. or .06525 AgNOa to neutralize it, then we know that this 



corresponds to .050 KCy, or the solution contains 



.050 



.i%KCy. 



ORES 



50 
BY MEANS' OF 



TREATMENT OF ROASTED GOLD 

BROMINE* 

Mr. H. R. BatcheUer, of the class of 1894, Massachusetts Insti- 
tute of Technology, while experimenting with chlorine gas on a cer- 
tain lot of roasted concentrates, met with the following diflSculties: 
I. A poor extraction of the gold. 2. A very large constunption of 
chlorine gas. 3. Inability to precipitate all of the gold from the solu- 
tion containing the AuClj. 4. The bullion obtained was very base. 

These diflGiculties were the same whether the chlorine was 
generated from H2SO4, MnOj, and salt, or whether H2SO4 and 
bleaching-powder were used. They may be accounted for partly 
by the presence of some arsenic left in the roasted ore, and partly 
by the presence of copper in the solution containing the AuCls- 

It was therefore suggested to try the effect of bromine on a 
similar lot of ore. The use of this element is, of course, nothing 
new, but in the following experiments it seemed to present many 
advantages over chlorine. 

The material worked upon consisted of some concentrates 
containing 2.31 ounces of gold per ton and 34.26 per cent of 
arsenic, which would correspond to about 74.4 per cent of arseno- 
pyrite. Considerable pyrite and a small amount of galena and 
chalcopyrite were also present. 

The material when sized and assayed showed: 





Per Cent. 


Otinces Gold per 
Ton. 


On 24-niesh sieve 


.7 
1.9 

6.0 

4.5 
II. 
26.0 

4S-0 
1.4 


{■Assaying 1.4 

►Assaying 1.2 

Assaying 1.12 
Assaying i . 19 
Assaying 1.4 


On •^o-mesh sieve 


On d.o-niesh sieve 


On 50-mesh sieve 


On 60-niesh sieve 


On So-mesh. sieve 


On icx)-mesh sieve 


Throucrh. icxa-mesh sieve 


Ix)ss 










100. CX) 





* Transactions of the American Institute of Mining Engineers. 
Meeting, March, 1895. 
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The line of treatment was as follows: 

1. Roasting the concentrates in a reverberatory furnace. 

2. Submitting the roasted ore to bromination in strong pre- 
serve-jars, " Lightning " brand, with double gaskets, the jars and 
their contents being revolved during the experiment. 

3. Precipitation of the gold by means of H^S: 

Roast I. — ^Time, five hours. 



Raw ore. . . . 
Roasted ore. 



Loss. 




Assay, 
Ounces Gold. 



2.31 
336 

Per Cent. 
12.7 



BROMINATION. 

Roasted ore 500 grammes 

Bromine 14.5 c.c. 

Water 500 c.c. 

Time 5i hours 

Assay of tailings from two tests gave 0.30 and 0.32 ounces of 
gold. Based on the roasted ore, this would be an extraction of 
90.7 per cent. 

Roast II. — Time, eight hours. 




Ounces Gold. 



Golc 



Raw ore. . . 
Roasted ore 

Loss 



2.31 
4.29 

Per Cent. 

I 



The following experiments were made to determine the proper 
amount of bromine for 500 grammes of ore: 



Roasted Ore, 
Grammes. 


Bromine, c.c. 


Time, Hours. 


Water, c.c. 


Extraction, based on 

Assay of Tailings, 

^er Cent. 


COO 


3-0 
30 
1-5 

I.O 

0-5 
03 


5i 
5i 
si 
5i 
5i 
5i 


500 
500 
500 
500 
500 
500 


90.67 
89.27 
92 -54 

81.35 
62.23 


eoo 


coo 


0^^ 

coo 


coo 


coo 







2SO 
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The following were made to determine the shortest period of 
contact of ore and bromine giving a good extraction: 



Roasted Ore. 
Grammes. 


Bromine, c.c. 


Time, Hours. 


Water, c.c. 


Extraction, based on 
Tailings, Per Cent. 


coo 


1-5 
15 
1.5 

1-5 


si 
4i 

3J 

2 
I 


500 
500 
500 
500 
500 


92.54 
88 00 


CJOO 


0^"*^ 

coo 


86.00 


o*'^ 

coo 


81-35 
72.02 


COO 


0**^ 



These tests seem to indiqate that 1.5 c.c. of bromine, added to 
500 granmies of ore in 500 c.c. of water, would eflFect in five and 
one half hours an extraction of over 90 per cent of the gold in 
the ore. 

To test these conclusions, a third roast was made: 

Roast III. — ^Time, eight hours. (Ore cooled in furnace.) 





Kilos. 


Assay, 
Ounces. 


Arsenic, 
Per Cent. 


Sulphur, 
Per Cent. 


Raw ore 


70 
43-7 

Per Cent. 
37-6 


2.31 
3.58 

Per Cent. 
• 3.3 


34.26 
O.II 

99.67 




Roasted ore 


0.34 


lx>ss 







Of this roasted ore, 15 kilos were treated with 45 c.c. of 
bromine in 15 kilos of water for four and one half hours in a 
revolving keg. The tailings showed an extraction of 85.5 per 
cent. 

As an excess of bromine was present when the keg was opened, 
at the end of four and one half hours, a second experiment was 
tried with ore, 15 kilos; bromine, 35 c.c; time, five and one half 
hours; water, 15 kilos. 

This showed an extraction of 92.18 per cent, based on the 
assay of the tailings. The actual gold recovered from the solu- 
tion was only about 80 per cent, which may be accounted for 
by the presence of considerable copper in the solution. 

. The expulsion of the bromine from the solution seemed to be 
best' brought about by means of SOj. Air and steam were both 
tried, but with poor success. After the passage of SOj the solu- 
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tion was quite clear, although some gold would be precipitated 
on standing. 

When the ore was chlorinated the solution at this point, con- 
taining the AuClg, would be quite turbid, and evidently con- 
tained a large amount of base metals as chlorides. These would 
necessarily interfere with the complete precipitation of the gold, 
besides making the bullion base. Some base metals, such as 
copper, were also present in the bromine solution, but apparently 
not to such an extent, for the solution was clear. 

The gold was finally precipitated by means of HjS. 

In the experiments on this particular ore bromine seemed to 
have the following advantages over chlorine: 

1. It extracted a much higher percentage than chlorine, the 
results being estimated not only on the assay of the tailings, but 
also on the actual gold recovered. 

2. It gave solutions much more free from base metals. This 
would be expected, especially where chlorine is generated by 
means of H2SO4 and bleaching-powder, and the acid has a chance 
to act directly on the ore. 

3. Less time is required to extract the gold. 

4. The ease in using and comfort in handling is much greater. 
As regards the comparative cost, the least amount of bromine 

which could be used on this ore with a successful extraction 
appeared to be 0.3 per cent, or 6 pounds per ton. With bro- 
mine at 25 to 40 cents per pound, this would make the cost very 
high; but the cost of chlorination would certainly be still higher, 
as it was found necessary to use as high as 10 per cent of lime 
and 6 per cent of H2SO4 to obtain even a fair extraction. 

Cyanogen Bromide. — This salt, discovered by SeruUas in 1S27, 
is supposed to have a greater solvent action on gold than cyanide 
alone. SeruUas prepared it as follows: 

One part of bromine is poured upon two parts of cyanide of 
mercury contained in a tubulated retort or glass tube closed at 
the bottom and surrounded with ice; bromide of mercury and 
bromide of cyanogen are formed with great evolution of heat. 

The bromide of cyanogen sublimes in needles contaminated 
at first with bromine, but ultimately the bromine, flows back and 
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enters completely into combination. Gentle heat is then applied 
and CNBr sublimed into a receiver connected with the retort 
and surrounded with ice. 

Roscoe and Schorlemeyer say cyanogen bromide is formed by 
the action of bromine on hydrocyanic acid or on metallic cyanides. 

If bromine is added drop by drop to a well-cooled aqueous 
solution of potassium cyanide, crystals separate out which con- 
sist of a mixture of cyanogen bromide and potassium bromide. 
When these crystals are heated to a temperature of from 60° to 
65°, cyanogen bromide sublimes in the form of delicate trans- 
parent prisms, which soon pass into the cubical form. 

The salt is poisonous and acts powerfully on the eyes, 

EXPERIMENTAL TREATMENT OF GOLD-BEARING ORES * 

The following questions often come up and require answer- 
ing in regard to samples from prospect-holes, as well as regards 
the ore from mines in actual operation. 

1. What value has the ore? 

2. Is it a free-milling ore? 

3. If so, what percentage of the gold can be extracted by 
amalgamation or by passing the ore over amalgamated or silver 
amalgamated copper plates? (All gold which is free will not 
necessarily amalgamate.) 

4. What value have the tailings after this treatment ? 

5. What percentage of concentrates does the original ore carry? 

6. What value have these concentrates; that is, will it pay 
to put in some kind of concentrating machinery in order to save 
the concentrates, or can the tailings from the plates be treated 
directly with KCy? 

These questions can of course be answered in the most satis- 
factory manner by having from 15 to 20 or more tons crushed 
and tested in some gold-mill, provided with all the modem 
appliances for crushing, amalgamating, and concentrating. 

They can, however, be very well answered by means of the 
foUowmg tests: 

* See Canadian Mining Review y October 31, 1898. 
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Test for No. i. — Weigh the ore. Crush down gradually and 
then sample very carefully. Sample should be weighed before 
passing it through each sieve, and especial care should be 
observed in regard to any residue left on any sieve or any 
pellets of gold iound on said sieve. These should be carefully 
saved and assayed separately. The final sample for assay should 
be crushed through a 120-mesh sieve at least. (Assay notes, 
Sampling Ores.) Assay. If pellets have been found, calculate 
them in the final result. Give the ounces the ore runs per ton 
of 2000 lbs. and the value per ton. 

Tests for Nos. 2, 3, and 4 can best be made by treating the 
ore by one of the following methods: 

The ore should pass a 30-mesh sieve at least. 

a. In a miner's ordinary gold-pan. Take 300 to 500 grammes 
of ore, which has previously been carefully sampled and assayed. 
Mix into a thick pulp with 35 to 60% of water (depending 
upon the character of the ore), and then add 5 to 10% of 
clean mercury. Shake up well for some time and pan down in 
the usual manner. Separate the mercury and amalgam from 
the ore and concentrates. Save all the water, concentrates, 
taiUngs, and slimes. Filter the whole, or else allow them to settle 
overnight, decant off water, dry, weigh, and assay the tailings. 
The sample for assay should be crushed through a 120-mesh sieve. 
Calculate from this assay the total gold in the total tailings, then 
calculate the total gold in ore taken for amalgamation. The dif- 
ference is the gold amalgamated. Figure the percentage. The 
mercury and amalgam may be retorted, or if small in amount, 
treated with dilute nitric acid in a parting-flask. 

In this parting heat the solution, but do not allow the action 
to become very violent. The gold, unless at the very end the 
amalgam is touched, will be left in beautiful, fine, yellow, needle- 
like crystals. Wash free from acid and the nitrates of mercury, 
transfer to an annealing-cup, heat in a muffle, and weigh' 

b. In a good stout bottle or fruit-jar. Take 200 grammes to 
one kilogramme of ore, place in jar, add 5 to 10% of mercury, and 
sufficient water to make the whole into a thick pulp. Stopper the 
jar tightly and shake up and down vertically for one half-hour 
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or else revolve three hours. Pan down as usual and treat the 
tailings and mercury as described under method a, 

c. Crush the ore through 30- or 40- mesh screen and pass it 
over silver-amalgamated copper plates. Plates are then scraped 
and freed from the silver-gold amalgam, which is retorted. 
(See Retorting Mercury.) 

The tailings are collected, dried, weighed, and assayed. 

Sample for assay should be crushed through 120-mesh sieve. 

This method may not give quite as high an extraction as 
when the ore is stamped and then goes over the plates, because 
the grinding and polishing action of the stamps on the gold is 
lacking. 

d. In the Ball Mill. (See page 255.) 

Test jor No. 5. — ^Take from 500 to 2000 grammes of the ore, 
after amalgamation, through 40- mesh sieve (an ore through 30- or 
40-mesh sieve is sufficiently fine for all these tests; otherwise the 
concentrates will be slimed), and carefully pan or van it down, or 
else pass it through a hydraulic classifier. (See page 256.) 

Dry and weigh the heads, and be sure not to have the heat so 
great as to roast the sulphides and thus alter their weight. 

Test for No. 6. — Assay the concentrates obtained in No. 5 by 
crushing them all or a sample of them through a 120-mesh sieve. 

A true value of the tailings from the above tests can only be 
obtained by saving all the water and ore and slimes. Owing 
to the difficulty of obtaining check assays on an ore carrying free 
gold, the true value should be based on the total amount of gold 
recovered by amalgamation plus the total gold found in the con- 
centrates and tailings afterwards. 

Example oj Treatment. — Sample received weighed 20 kilo- 
grammes; it was crushed, sampled, and assayed to obtain the 
value in gold per ton. 

500 grammes of the ore were taken and the concentrates 
removed by panning, to determine the percentage per ton of 2000 
lbs.; also to find how many tons would concentrate into one. 

15 kilogrammes were amalgamated and the mercury and 
'amalgam retorted. Both the concentrates and tailings were 
saved, weighed, and valued. 
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We then had: 



Hg and amalgam. C01 

which was retorted. 



Weighed, sampled, 
id. 



Tailii 



'ailings. 
'^eighed, t 
and assayed 



Weighed, sampled, 
id. 



oncentrates. 
/eighed, sam 
and assayet 

The report read as follows: 

The ore assayed 4 oz. gold per ton of 2000 lbs. @ $2o"y,oo per oz. = ,$82.68 
500 grammes ore, through 30-mesh, gave 20 grammes concentrates 

= 4 per cent in ton of ore. 
15 kilos, of ore were amalgamated; gold contents as per assay 2.0565 gms. 

The amalgam (retort residue) gave 1-7452 gms. gold = 84.86% 

Concentrates, 600 grammes after amalga- 
mation (assay 14.58 oz. per ton) 3000 '* ** = 14.58 

Tailings, 14350 grammes (assay .02 oz. per 

ton) 00976 '* ** = .47 

Loss in tailings (50 grammes) by difference. .00150 ** ** = .07 



2.05646 " " 99 98% 

If ore contains 4 per cent of concentrates, 25 tons will concentrate into one, for 
So : 1 :: 2000 : x. 

FREE-MILLING TEST IN BALL MILL. 

First clean out the mill thoroughly, which can be done with 
a stiff brush, some water and sand, to remove anything left from 
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■as 
°4 



a 



, 







ii 



XT 
a 



Opening 



previous test. Be very sure to get no oil or grease inside of the 
mill, otherwise the mercury will "sicken" or "flour" badly. 

Weigh out 2 to 5 kilogrammes of ore for each side and charge 
it at opening (b) on the side; the plug (a) having previously been 
screwed in tight. Add 35 to 60% of water, to make the pulp 
into a thick mud, and then add i to 5 iron balls. If the ore is 
rich in sulphurets or arsenical compounds, use only one or two 
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balls. These will keep the ore well stirred up and will be less 
liable to make slimes and flour the mercury. Stop* up opening {b) 
and start mill in order to grind the ore. If ore is through 30- 
mesh sieve, amalgamate directly, for grinding is unnecessary, and 
I or 2 balls will be sufficient. After the ore is sufficiently fine, 
amalgamate by one of the following methods: 

o. With 200 gm. of mercury alone. 

i. '' '' '' " '' andiogm. KCy. 

c. '' *' '^ " ** and 50 ** sodium amalgam.* 

d. ^' ^' *' " '* and 50 ''mercuric chloride, 

and then later on add 10 '* KCy. 

Methods b and c simply clean off the oxides and other com- 
pounds soluble in these substances, and they keep the Hg bright 




Oailingi) 



water "^ 



Amalgam, y 
JJflr.and Lj 

Conoentratm r " '-* 



Classifier. 

and active. In d the corrosive sublimate (HgClj) brings about 
electric action between the gold particles and the iron, the iron 

* About 97% Hg and 3% Na. 
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being the poles and the HgClg the electrolyte. Amalgamate in 
all the methods from i to 3 hours. 

To clean up test, take out cap (6), add some water and dis- 
charge contents through the opening (a) into iron kettles or 
wooden pails. Finally clean out inside of mill with a stiff brush. 
Save all water, sand, and slimes. 

The mercury and amalgam may be separated from the sand 
by means of a gold-pan, a vanning-shovel, or by a hydraulic 
classifier. 

This last is the quickest, but not necessarily the most satis- 
factory. If the Hg from any of the tests is found to be " foul" 
or "leady" or in a "floured" condition^ it is well not to separate 
it too cleanly from the pyrite and other concentrates, but to 
carry some of these down with it. 

The whole may then be treated with a small piece of KCy, 
rubbed in a mortar (porcelain or Wedge wood), and then separated 
by panning. 

If the vanning-shovel is used, do not put too much material 
upon it at one time. 

Shake and settle the mercury very ^""^ 
thoroughly upon the van before washing \^j 
off the first lot of waste. Gradually ^'^^ 
bring forward the concentration until it 
consists largely of mercury and concen- 
trates. Then pour the Hg into a bowl 
and save the concentrates. 

Repeat the vanning upon another por- 
tion of the pulp, and so on until all is treated. Finally pan all 
the concentrates once more for any drops of Hg, and then clean 
the mercury for retorting. 

Save all the sand, slimes, and water. Filter them or allow 
them to settle overnight or until the water is clear, then decant or 
siphon off the water, dry residue, weigh; pass through sieve fine 
enough to remove all lumps, sample and assay. Grind the sample 
for assay through 120-mesh sieve. 

This method is better than taking a running sample from 
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the classifier, because it is sure to save all the slimes, which are 
very often the richest portion of the tailings and which would 
otherwise be lost. 

The mercury and amalgam are cleaned and retorted and the 
residue treated as per '* Retorting Mercury," page 266. 

Report the following data: 

Character and composition of the ore as ascertained by inspec- 
tion and panning. 

Size of ore as received and treated. 

Method employed in amalgamation test and chemicals used, 
if any. 

Time taken in grinding the ore. 

Time taken in amalgamation. 

Condition of the mercury at the end of the test, i.e., whether 
it was bright and clean or dull and foul. 

If the ore contains both gold and silver, hand in a report 
upon each separately. 

5C= weight of original ore. Assay. Total gold = a. 

y = tailings (after panning off Hg) . Assay. Total gold = 6. 
a-b = gold amalgamated = c. 

— = percentage of gold amalgamated. 

Tailings (y) are panned or freed from concentrates. We 
then have concentrates (M) and tailings (N). 

Weigh and assay M. Weight of gold in ikf = rf. 

Weigh and assay N. Weight of gold in N = e. 

The weight of y should equal M+N, y — M should equal N, 

The gold in c, d, and e should equal that in a. We shall then 
have 

— percentage of gold amalgamated. 

— " of gold saved in heads and concentrates. 

— " of gold lost in final tailings. 

— " of gold unaccounted for. 



100 



Mercury used = 200 grammes. 

" recovered = 197 " =98.5%. 
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For further data as to reporting results see page 255, " Experi- 
mental Treatment of Gold-bearing Ores." 

AMALGAMATION OF GOLD ORES. 

Stamp-mill Work. — ^The two following runs give an idea 
of the work which the small stamp-mill in this laboratory 
will do: 

The mill has three stamps weighing 225 lbs. each, made up 
as follows: 

Rod 35 .3 kilos 

Boss 27.9 " 

Shoe 22 " 

Tappet 17.4 " 

The dies weigh 10.4 kilos each. 

The shoes and the wooden wedges, with which they are fastened 
on to the boss, have the following dimensions: 




/(■ 



Wedge 



I 



-5y- 



Die 



-^9ih. 



x6x; 



The tailings from the plates were concentrated on a full-size 

4-foot Frue vanner. 

ORE No. 1490. 



Two portions of a Nova Scotia ^old ore 
divided while in a coarse condition, 

(2i"t0 3".) 

B 
1. 17 oz. 



A 

Assay i . 25 oz. 

Total ore crushed, kilos 343 J 339 . 8 

Rate per 24 hours (3 stamps), tons 1.6 i . 62 

Sieve (punched) corresponding to 40-mesh 30 (steel wire) 

Drop of stamps, inches 5 J 5} 

No. of drops per minute*. 97 98 

Feed-water per 24 hours, gallons 5108 — 

Slope of plates, inches per foot i|^ 1 .37 

Concentrates in ore, per cent 3.67 5.53 

Concentrates, ounces per ton .58 ,74 

Vanner tailings (314 kilos), ounces .02 .53 

'Ore lost during process, per cent 7.85 7.7 

Mercury was used in the battery in both runs. 
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GOLD ACCOUNT. 

Total gold in ore, based on assay, gms. . 14 . 69 1 lo 



ved in battery, grammes. . 


.. 10.93520 




12.10840 


* on ** plate, *' 


.. .33854 




.11872 


* ** plate I, copper, ** 


. .08087 j 




r .06604 
.04287 


* ** '* 2, Muntz metal,* gm. 


.03011 


% 


* ** ** 3, copper, grammes. . 


•03385 


h 


^ .04162 


4, 


.02105 


S .02629 




.01050 


■ n ' 


fe •°'-54 


* * * * * 6, Muntz metal, gm . . 


.00468 




|. 01666 


* ** '* 7, copper, grammes. . . 


.00611 


c 


Q .01038 


' " '* 8, *' 


.00878 


1 


.01038 
. I .00682 


' - - 9, - - .. 


.00736 J 




Mercury trap " 


. 00470 




.03720 


* 60% Cu, 40% Zn. 


II. 48175 


12.49792 




In tailings. . 





• 5652 




In concentra 


tes 


.467c 






•t'-'/j 



13-63113 



13.53062=98.43% 

Length of plates, 75 inches. 

Area of outside amalgamating surface, 1587 sq. in. 
'' " inside '* '* 83} " " 

Silver amalgam was spread over the plates with a brush, and was scraped off 
after the run and retorted. 

Gold actually extracted, based on assay. . . 78 . 1 6% 91 . 68% 

Per cent of the gold saved, which was col- 



lected in the battery 



/ ii.27374 \ 
\ii. 48175/ 



98.18 



97.83 



SIZING OF THE BATTERY TAILINGS. 



Per Cent. 

On 40 sieve 898 

Thro. 40 on 60 sieve 3.93 



'* 60 

'* 80 

Through 



80 
100 
100 



5.02 

5 
84.50 

99.86 



.02 \ 

•51 [95-03 
.qo ) 



On 30 sieve 

Thro. 30 on 40 sieve. 

'' 40 '* 50 '* 

- 50 - 60 '* 

" 60 " 80 '' 

" 80 " 100 " 

Through 100 " 



•) 

• f Too li 
f to ass£ 
1 ) 



little 
assay. 



Per Cent 

.00 ' 

.08 
.38: 

I. 5 I .12 oz. 

3.31 .06 oz. 

9.28 .06 oz. 

85.44 .I40Z. 



Making Silver Amalgam. — Unless the amount of acid and 
mercury is in the right proportion to the silver taken, the amal- 
gam will not come out sati^sfactorily and a basic nitrate of mer- 
cury or a blue powder will be liable to form. 

Mr. C. I. Auer, class of 1901, took this subject (the making 
and composition of silver and gold amalgams) as a thesis. He 
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found that the following rules should be followed in making 
silver amalgams: 

Have the silver finely granulated. 

Use 4 c.c. of HNO3 (sp. gr. 1.20) for every granmie of 
silver. 

Cover the vessel in which the solution takes place, and heat 
gently, but do not boil, that the silver may go into solution quietly 
and the acid not evaporate. Filter off the gold, if any is present, 
add 8.6 c.c. of water for every gramme of silver taken, and 
then add the mercury all at once. Use 16 grammes of mercury 
for every gramme of silver. 

The nitrate of silver solution, when the mercury is added, 
can either be hot or cold. 

After adding the mercury, stir the solution constantly until 
all the silver has amalgamated. If a silky precipitate comes 
down, or a blue powder tends to form and grow like a mush- 
room on the amalgam, it indicates that the solution is not suffi- 
ciently acid. This blue powder consists of Ag and Hg in vary- 
ing proportions. Decant the nitrate of mercury from the amal- 
gam into a wide-mouthed bottle and wash the amalgam once, 
by decantation, adding this washing to the first decantation. Give 
. the amalgam six or more additional washings, stirring it thor- 
oughly with a large porcelain spatula. Save all these wash- 
ings in another bottle separate from the first two decantations. 
The amalgam is next squeezed through chamois or cotton cloth 
and the excess of mercury removed. 

Amalgam made as above may be strained or squeezed through 
chamois, linen, canvas, or cloth. After being squeezed through 
these by hand pressure, the residue in the chamois or other mate- 
rial will carry from 14.5 to 17.5 per cent of silver, depending 
upon the pressure, the material used, and the temperature of 
the amalgam at the time of squeezing. The mercury which 
passes through the material carries about .045 per cent of 
silver. 

When the amalgam, squeezed by hand, is put under a pres- 
sure of 48,000 lbs. per square inch, more mercury is removed 
and the residue contains from 23 to 24.5 per cent of silver. 
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The mercury removed in this manner carries from .05 to 
.06 per cent of silver. The sp. gr. of the amalgam containing 23 
to 24.5 per cent of silver is 13.7 to 13.76. 

Gold amalgams, when squeezed by hand, carry from 32 to 
41 per cent of gold, and the mercury removed will carr}- from 
.12 to .16 per cent of gold. When placed under 48,000 lbs. 
pressure the percentage of gold increases to 44 or 48 per cent. 
This is not so high as some samples of scale removed from plates 
that have been given to me. 

One sample, taken from an outside plate of a stamp-mill, 
carried 39.39 per cent of gold on one side and 42 per cent on 
the other. 

A sample of very hard scale, near the head of outside plate 
(six months' run), carried 56.87 and 57.75 per cent of gold. 

Recovery of Silver and Mercury from the Nitrate Solution. — 
Either of the following methods can be used: 

1. Put in iron rods or scrap. Both Ag and Hg will be thrown 
down, after some time. Clean the iron, filter solution, and retort 
the residue. 

The solution must not be too acid, because a great deal of 
iron oxide will be found in the residue. 

2. Throw down both the Ag and Hg as chlorides. Filter^ 
wash, and dry them. 

Weigh and mix with one fourth their weight of oxide of lime 
(CaO), rubbing them together in a mortar. 

Retort this mixture. The mercury distils, leaving a residue, 
containing silver, which is fused with a little soda, silica, and a 
large amount of borax glass. Cool the crucible, break it and 
weigh the silver button. 

BULLION. 

Melting and Refining. — The following notes are from books^ 
data collected at smelting works, and my own experience: 

A good furnace with a splendid natural draft or with air sup- 
plied by a blower is the first requisite. 

If large graphite crucibles, i.e., Xos. 100 or 125 are to be used^ 



metallurgicj4L laboratory experiments. 263 

the furnace should be about 3' 6" deep, 2' 6'' wide at bottom 
(mside), and 2' 2'' at the top. 

The flue should be about 10'' below top of furnace and 8" 
by 12". 

The black-lead crucibles, when new, should always be heated 
slowly while upside down; when red they should be turned and 
placed right side up. They should stand upon a 3" fire-brick 
placed across the grate-bars. The tongs with which to handle 
these crucibles should always fit well about them, and the graspers 





(a), in figure of crucible, should come well below the bulge or 
largest part of the crucible. When the tongs are in place, slip a 
ring over the handles to hold them firm. 

Always put a handful of borax glass into crucible before 
charging the bullion. If the precious metals are in a fine con- 
dition, charge with a scoop or a funnel. (See cuts.) 

Gold, precipitated upon zinc in the KCy process or from an 
AuClg solution, is generally mixed thoroughly with from one and 
one-half to twice its weight of borax glass by revolving them to- 
gether in a barrel with iron balls. The mixture is then charged 
directly into the crucible. Cover crucible and heat until con- 
tents are thoroughly liquid. 

If bullion is base, nitre and borax glass are both needed in 
refining, but too much nitre will rapidly eat into the graphite 
crucible. Lead, when present in the bullion, is best oxidized by 
nitre or sal-ammoniac; tin by means of K2CO3; Sb and As by 
means of nitre or by stirring the bullion with an iron rod. 
NaaCOs is to be avoided unless there is silicious matter present; 
still a little of it with nitre seems to work well even if bullion 
is quite pure. 

Bone-ash and silica save the crucible from the action of the 
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oxides, and are especially useful for thickening the slag in case 
skimming is necessary. The skinmiing is done by means 
of an iron rod coiled as in the adjoining figure, and the 
spiral then bent so that it will be parallel with the surface 
of the bullion to be skimmed. If bullion is poured to- 
gether with the slag — and many say this is the only way 
to obtain a clean brick — the slag should be perfectly 
"^^ liquid. 

Toughening. — ^This process serves to eliminate small quantities 
of impurities like As, Pb, Sb, etc., which would render the bullion 
brittle and unfit for coinage purposes. 

T. K. Rose and others recommend the addition of a little 
sal-ammoniac or corrosive sublimate to the melted bullion. 

Cover quickly to keep volatile chloride fumes out of the 
room. Test by dipping out a small sample and casting it into 
a thin ingot. Cool it in water and see if it will bend upon 
itself. 

Pure gold is a brilliant green color when it is melted, and it 
may then be poured. 

Silver, when nearly pure, often bubbles violently in the crucible, 
and some say this is especially so when much nitre has been 
used in refming. The remedy seems to be to lower the tempera- 
ture, cover it with charcoal and stir it with a graphite rod until 
the bubbling ceases. Then pour. 

Pouring and Casting. — Always stir the bullion thoroughly 
before doing this, and if a sample is to be taken for assay, take 
it immediately after the stirring. Ingot moulds should be per- 
fectly bright and clean and heated on the top of the furnace 
until they are too hot to be handled with the bare hands. Some 
heat them almost to the ignition-point of oil. 

As regards the use of oil, while some put in almost J" in the 
large moulds, others are accustomed to use only a little around 
the top of the mould and none at the bottom. Fine rosin, sprinkled 
into the bottom of the mould just before pouring, is also used. 

The object of the oil is to make a smoother ingot and by its 
burning on top of the ingot to stop all sprouting and tarnish- 
ins:. 



METALLURGICAL LABORATORY EXPERIMENTS. 265 

In the case of small ingots fine charcoal sprinkled on top, as 
soon as the pour is made, will also answer nicely. Pour the 
metal quickly and carefully, always moving the crucible back and 
forth over the mould to avoid pouring in one spot. Pouring in one 
place makes a poor ingot and one that is liable to stick in the mould. 

Ingots may be taken out when they are still hot, and if not 
quite clean they may be plunged into dilute H2SO4. 

Too much care and attention cannot be given to the saving 
of all slags, droppings, and skimmings. The floor or bench 
on which the work is done should have been made with this 
-especial end in view, and should be perfectly smooth and tight, 
that the slags, etc., may be swept up and saved. Wood should 
be avoided in the making. 

All crucibles, tools, and anything else connected with the 
work are also saved, broken up, and worked up afterwards. If 
these details are looked after carefully, the loss in melting should 
be small. 

If the buUion is to be granulated, it is best done by pouring 
it into a copper vessel or tank filled with ice-cold water. Pour 
the metal in with a wavy motion, holding the crucible 3 or 4 
feet above the surface of the water. 

Small Amounts of Bullion. — ^Pouring small quantities of bul- 
lion, whether it is gold alone or an alloy of gold and silver, is 
generally unsatisfactory owing to the difficulty of making a clean 
pour. 

Very small lots I prefer to melt in a clay crucible, which should 
be well glazed upon the inside with borax glass before the bullion 
is added. Cover with a good layer of borax glass and a Uttle soda, 
and keep the crucible covered until its contents are perfectly quiet. 

As an extra precaution the small crucible can be heated within 
a larger one. 

Take the crucible from the furnace, see that no small globules 
are on the sides, and then allow it to stand until it is cold. Break 
the crucible and save it, together with the slag, if it is not per- 
fectly free from metal. Clean the ingot and weigh. If the slag 
is not clean, pulverize, fuse it with litharge and argols, and cupel 
the resulting lead button. 
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RETORTING AND CLEANING MERCURY. 

The retorts may be large or small and of dififerent shapes. 
When large, and a large amount of mercury is to be distilled, there 
is always a tube o, as in retort «?, passing through the cover, by 
means of which the mercury may be charged into the retort. 
The tube may be straight or have a bend which serves as a trap. 




Form y is used when small amounts are to be distilled. 

d 




The retort a should be first thoroughly cleaned and coated 
on the inside with chalk, ruddle (FcaOg), graphite, or, better than 
any of these, Uned with a piece of paper put in the bottom and 
part way up the sides. This will prevent the residue sticking 
to the bottom of the retort, which it is very apt to do if the heat 
becomes too great or if lead or zinc is present. 

Next see that the delivery- tube rf, attached firmly to the 
cover, is perfectly free and open. The turned parts of the retort 
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and cover are next cleaned, and the Hg and amalgam put into 
a. Mix some mineral paint or ruddle to the consistency of 
thick cream and smear the rim of the retort a and rim of cover 
b with an even coating of it; then place cover on retort, put 
on clamp c, and screw down firmly. At the Utica Mine, Cali- 
fornia, they use wood ashes (through 30) mixed with water for 
a lute. 

The retort is now ready to be heated. If large, it is generally^ 
heated over a forge or in a crucible-furnace; if small, a good' 
lamp will do it. In either case the bottom should never be 
heated above a dull red, otherwise it may be softened, bulged, or 
melted. 

No fluxing material, like borax, should ever be used in the 
retort, for the spheroidal Hg will be changed to cohesive, and 
boil with great violence. The residue might also be found per- 
manently brazed upon the inside of the retort. 

Mercury boils at 674° F., or 357° C. 

After lighting the lamp or fire, watch for the first mercury^ 
First comes the tremble of the retort due to the boiling off of 
the moisture. Next comes the tremble of the retort due to the 
boiHng of the Hg, followed by the hissing of the water when the 
hot Hg inside the tube comes in contact with the cold water 
outside the tube. 

The accidents most likely to occur are: 

1. The choking up of the delivery-tube d. 

2. The blowing out of the Hg between the retort and the cover. 

3. Burning out of the bottom of the retort. 

4. Adhering of the residue to the bottom of the retort. 

To avoid No. i, see that the Hg or amalgam is thoroughly 
cleaned of all dirt and sand before it is put into the retort. 

Rapping the delivery-tube d with a light hammer every now 
and then helps to keep it open and clear. Have the pipe d well 
rounded at bend and full size all the way, and give it as much 
slope as possible. 

To avoid No. 2, which is due to tube d choking up or to 
poor luting, see that the luting on of the cover h is properly done 
at the start. If the retort leaks, a gray vapor will be seen rising 
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above it. Test by putting a piece of cold iron in the blow for an 
instant; if it is coated white (Hg) there is a leak. In such a case 
instantly check fire or put out lamp, cool down as rapidly as 
possible, and avoid breathing the fumes or getting them into the 
eyes. Admit plenty of fresh air into the room or building. 

To avoid No. 3, see that the fire does not become too hot. 

To avoid No. 4, see that the retort is properly coated on the 
inside. 

Graphite is an excellent substance for luting and coating in 
all respects save one, and that is, that the residue in the retort is 
difficult to melt together, unless nitre is used. 

Chalk and mineral paint do not give this trouble, because 
the borax glass used in melting the residue in the crucible cleans 
and joins the metallic particles. Paper is, however, the best for 
the purpose. 

The subsequent melting of the residue is done in graphite or 
clay crucibles as described under Bulhon. 

Any small residues should be fused slowly in a crucible, to 
allow any mercury to go ofiF gradually. If this residue is Ag or 
Au or both, use soda and borax glass as fluxes. If it is impure, 
use in addition Utharge and argols and scorify or cupel the 
resulting lead button in this case. 

Scorification is dangerous, owing to danger of spitting, if any 
mercury is left in the residue. If attempted, the heating must be 
very gradual. 

Melting lead in the retort to collect residue, as recommended 
in some books, I have never found a success. 

To clean the mercury and put it in good condition, first wash 
with a stream of HjO to remove all soluble and light material, 
stir with porcelain spatula, and pour frequently from one vessel 
into another. Do not touch with the hands. Decant off water 
and add a small piece of potassium cyanide {poison), which ought 
to clean it nicely. Wash again with water, when the Hg should 
be perfectly clean. Most of the water is then removed with a 
sponge and the last of it by means of blotting-paper. Dry and 
weigh. Vessels for holding it should be strong, solid, and perfectly 
free from all oil or grease. 
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Large amounts of mercury, having been cleaned with KCy 
and washed with water, can be further purified in the following 
way: 

Pour the entire quantity through a funnel, either perforated 
itself or else with a chamois tied over the end of the stem, and 
allow it to fall as a spray through some 
acid as in b. From there it runs ofl[ by 
tube e into the iron mercury flask a. It is 
then both clean and almost dry, for its 
weight forces any acid or water out. 

If the Hg has been distilled from tin or 
zinc, the acid used is one part HCl and one 
part water. 

If distilled from lead, use one part HNO3 
and four ^arts water in tube b. , 

Small quantities may be strained through 
chamois into a vessel containing the acid; it 
is then washed and dried. Hg containing 
small amounts of Pb or Zn distils more 
slowly than when these are absent, and it is 
difficult to free the Hg entirely from them. 
Blowing air into Hg also cleans it. One 
writer speaks of covering the Hg in the retort with cinnabar, iron 
filings, or Ume, according to the impurities present. The sulphur 
in the cinnabar combines with the base metals, iron combines 
with As, forming a speiss, and the lime will take out the sul- 
phur. A layer of charcoal in the retort is also said to purify the 
mercury. 




MUFFLE CHLORIDIZING ROAST OF SILVER ORES. 

This process is applicable to ores which are not "free mill- 
ing," i.e., ores which cannot be directly amalgamated. The ob- 
ject of the test is to determine, from a given quantity of the ore 
to be experimented with — 

I St. What amount of silver is lost or volatilized during the 
roast. (If the ore contains gold see A. I. M. E., Vol. XVII, as 
to loss in roasting.) 
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2d. Percentage of soluble salts in roasted ore. 
3d. Percentage of silver as sulphate in roasted ore. 
4th. Percentage of silver salts soluble in hyposulphite of soda 
solution. 

5th. Percentage of silver salts soluble in extra solution. 
The ores met with may be divided into three groups: 

(a) Heavily sulphuretted ores, which in some cases have to 
be roasted a long time previous to the addition of salt. 

(b) Slightly sulphuretted ores. 

(c) Ores carrying a very small quantity of sulphides, the • 
sulphurets being present in so small an amount that, in some 
cases, it is found necessary to add sulphur or iron pyrites in order 
to decompose the salt and liberate chlorine. The percentage of 
salt added varies. (At Aspen, Colo., it is claimed that by using 
10 to 15% the amount of silver volatiUzed is diminished.) With 
some ores it is found better to add the salt at the beginning, 
with others at the end of the roast. Ores containing no As, Sb, 
Pb, or Ca are generally best treated by adding the salt at the 
beginning. If ^45 volatihzes as a sulphide, the loss of silver seems 
to be smaller than if it volatilizes as a chloride. Lead and lime 
should, if possible, be kept as sulphates, for otherwise they are 
great consumers of chlorine. 

Suppose an ore carries sulphides of lead, zinc, and iron. It 
is roasted for a long time, at a very low heat, in order to form 
sulphates of lead, zinc, and iron. The last will decompose salt 
with the formation of chlorine, the other two sulphates will not. 
Therefore we wish to form FeS04 and as much sulphate and 
oxide of lead and zinc as possible and yet not decompose the 
FeS04. For this reason we must keep the heat low and roast 
slowly, otherwise the FeSO^ will be broken up before all of the 
PbS and ZnS are converted either into sulphates or oxides. When 
we think this point has been reached the salt can be added. 

The sulphates are decomposed by heat in the following 
order: sulphate of iron, sulphate of copper, sulphate of silver. 
Sulphate of zinc is decomposed with difficulty; sulphates of lead 
and lime are not decomposed by heat. The first three sulphates 
will all decompose salt and are therefore chloridizers: 
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2NaCl+ FeSO^ =Na2SO,+ FeCl2; 
2NaCl + CuSO^ = Na2S04+ CuCl^ ; 
2NaCl+ AgjSO, =Na2S04+ 2AgCl; 
4NaCl+ 2FeS04+ 3O = 4CH- 2Na2SO,+ FcaOj. 

These, together with the HCl formed, chloridize the ore: 

Steam + CuClz = CuO + 2HCI ; 
2HCI+ Ag^S = 2AgCl+ H^S. 

Students should make careful note of the duration of roast, 
heat used, and at what time the salt was added. The following 
reactions may also take place, among a great many others : 

S02+0 = S03. S03+2NaCl+H20=Na2S04+2HCl; 
Fe2Cl6+ 3O =Fe203+ 6C1. Heat upon 2CuCl2= CU2CI2+ 2CI; 
2FeS04+ 4NaCl+ 2O+H2O = 2HCI+ 2CI+ Fe203+ 2Na2SO,; 
Cu2S+FeS2+6NaCl+ i20 = FeCl2+ 2CuCl2+3Na2SO,. 

Testing an Ore. — Crush ore through a 30- or 40-mesh sieve. 
Sample carefully and crush sample for assay through a loo-mesh 
sieve. Take 5 grammes and assay {all assays in this work should 
be made by crucible). Calculate both the per cent of silver in 
the ore and the ounces per ton. 

Weigh out from 2 A.T. to 200 granmies of ore (through a 30- or 
40-mesh sieve) on pulp-balance and roast in a clay dish with from 
3 to 10% of salt. Have the furnace only one third full of coke 
and the bottom of muffle just red at first, to prevent caking. Stir 
the ore every now and then and roast it from 30 minutes to 2 hours 
at a low heat. Never have the muffle near a scorifying tempera- 
ture, but the ore just red. After roasting, sift it through the same 
sieve as before and weigh on the pulp-balance. Sample care- 
fully, take enough ore for the following tests, and grind in an 
agate or porcelain mortar through a loo-mesh sieve. (It will take 
about 25 minutes to grind 80 grammes through a loo-mesh 
sieve.) If iron was used, we might have (2AgCl-hFe=FeCl3-|- 
2Ag), and the latter is not readily soluble in h3rposulphite. 

Take 5 grammes and assay. Calculate the per cent of Ag and 
find total amount in roasted ore. DiflFerence between this and 
total Ag in raw ore = silver volatilized during the roast. 
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Soluble Salts (i.e., the excess of NaCl used and all chlorides 
and sulphates soluble in HjO and the AgCl soluble in the NaCl 
solution if an excess was used in the roast). — ^Weigh 5 grammes 
and leach by decantation with hot HjO, imtil neither AgNO, 
nor anmioniimi sulphide give a precipitate. Dry, bum the filter^ 
and weigh. 

Loss = soluble salts. 

As the percentage of NaCl used in the roast increases, the 
soluble salts generally increase. 

Silver as Sulphate and Silver Salts Soluble in Water containing 
Salt (NaCl). — ^Assay the whole residue after leaching with water. 
The difference between this weight and the weight of the silver 
button in 5 granuries of roasted ore equals the Ag2S04 and other 
silver salts soluble in water or in a brine solution, for it must be 
remembered that if a large excess of NaCl is used in the roast, we 
will have a strong brine solution, in which AgCl is soluble to a 
certain extent. If any NaCl is left undecomposed in the ore, the 
AgjSO^ cannot be determined, for it will be broken up by the 
excess of NaCl, and the AgCl precipitated. This may, however, 
go into solution again on standing if the brine is sufficiently strong. 

Silver Salts Soluble in Hyposulphite. — Place ^ A.T. of ore in a 
beaker; add 300 c.c. of hot water, decant HjO, and then treat 
with about 250 c.c. of a 5% solution of hypo, (allow hypo, to stand 
on ore for say \ hour at about 125° F. and stir it frequently): 

2 AgCl + 2Na2S208= 2NaCl+ 2NaAgS203. 

Filter by decantation, wash several times with water, and finally 
wash with a little fresh hypo. The soluble silver salts should 
now be all removed and the last washing show no turbidity on 
the addition of ammonium sulphide unless lead salts are present. 
(PbClg is not readily soluble in hypo., but PbSO^ is; so if much 
of the former salt is present, a precipitate of lead sulphide may 
be obtained after many washings.) Dry residue, weigh, and 
assay the whole of it. Th^ difference between this and the assay 
of the roasted ore gives the amount of silver soluble in water and 
hyposulphite. Subtract the silver salts soluble in water and we 
obtain the AgCl and the silver salts soluble in hypo. 
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Silver Salts Soluble in Extra Solution.— This is the Russell 
process and consists in the treatment of the roasted ore with 
cuprous hyposulphite solution: 2\ parts Na^SjOg+sHjO and i 
part CUSO4+5H2O. When made in this way, no cuprous hypo- 
sulphite will come down. The solution should be fresh and 
should contain a slight amount of free H2SO4. If heated above 
85° C. it decomposes, and at boiling, CujS separates out. Silver, 
AgjS, and the antimonial and arsenical minerals, like ruby silver, 
and stephanite, are soluble in this solution, whereas all these, 
with the exception of the silver, are insoluble in the hyposulphite 
alone: 

4Na^S203+ 3Cu,S30s+ sAg^S = 3CU2S + eNaAgSaOaH- Na^SjO,. 

The manner in which ores are treated with the extra solution 
of course may vary with the ore (see Lixiviation of Silver Ores 
with Hyposulphite Solutions by Stetefeldt), but the following pro- 
cedure will generally answer: 

Take ^A.T. of ore and treat it with hot water as before. 
Decant off the solution and add 60 c.c. of HjO and 20 grammes of 
hyposulphite of soda. Let it stand 30 minutes to one hour. 
Add 25 c.c. of copper solution (200 grammes CUSO4 in 1000 c.c. 
of water) and dilute with cold water to 300 c.c. and heat not 
above 110° F. for about 10 minutes. Filter, wash with HjO, 
dry, weigh, and assay. The difference between the weight of 
silver obtained from this and that obtained from the hypo, test 
gives the silver salts soluble in the extra solution and those not 
soluble in hypo, alone. 

If the ore, as received, has been previously roasted, it may be 
damp, owing to its having taken on moisture, due to the NaCl and 
other chlorides. In this case dry itj sample carefully, take 200 
to 250 grammes and proceed, as given above, with the determina- 
tion of "Soluble Salts." 

Each student should make out a complete report similar to the 
one on page 274. 
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The results a, 6, c^ and rf, also a, 6, e, and / should foot up 
100 per cent, and are all based upon the total silver in the raw 
ore or {x). 

The amount of silver in the ore after leaching with water, 
that is .6689 grammes, can be obtained by either of the propor- 
tions: 

5 : 226 :: .0148 : x or 4.56 : 206.12 :: .0148 : x. 

The amount of silver in the ore after leaching with hypo, and 
the extra solution can be obtained in the same way. 

The tailings, after leaching with the extra solution, assay 7.7 
oz. per ton. The salts soluble in the extra solution =16.05%. 
As the per cent of silver in the original ore was only .4%, 
the silver salts soluble in this extra solution may be disregarded 
in the present calculation. Therefore if the tailings which assay 
7.7 oz. contained this 16% of other salts, they would assay lower, 
and to obtain this value we make the proportion of 

100—16.05 : 100 :: x : 7.7; 
that is, ^ = 6.5 oz. 

The application of this calculation is brought out more clearly 
in the next test. Pan Amalgamation. 

Going Back or Decrease in the Chlorination. — Some roasted 
ores when leached directly with hypo, show a higher extraction 
or chloridization than if leached with HjO and then with hypo. 
This is said to be accounted for as follows (see paper by W. S, 
Morse, A. I. M. E., Oct. 1895) : AgCl is soluble in brine, i.e., in 
HjO used, plus the excess of NaCl left in the roasted ore. If the 
ore contains unroasted sulphides, say ZnS, not decomposed in the 
roast, we may have 2AgCl+ZnS=Ag2S+ZnCl2or 2AgCl + PbS = 
AgaS + PbClj. That is, the silver in solution has gone back to 
AgjS, which is not soluble in hypo, alone, but is soluble in the 
extra solution. 

Example. — Ore containing 29 oz. silver and about 2 .8% zinc. 
Ore leached with hypo, directly showed 78.92% of silver soluble. 
Ore leached with HjO and then with 
hypo, showed 64.32%'' '' ** 



Silver gone back to AgzS = 14 . 6% 
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This same ore treated with the extra solution showed 89% of 
the silver soluble. 



PAN AMALGAMATION OF SILVER ORES. 

Silver ores, for amalgamation, are divided into two classes: 

1. Free-milling ores, or those that require no roasting, such 
as chloride, bromide, iodide, and sulphide. 

2. Refractory ores, or those that require a chloridizing roast 
with salt previous to amalgamation. 

Whether the ore is raw or roasted, it should be sampled care- 
fully, after grinding it through a 30- or 40-mesh sieve. If the 
ore contains AgCl, avoid the use of iron for grinding, if possible, 
for 2AgCl+Fe = FeCl2+2Ag. Assay by crucible method and 
calculate both the per cent of silver and of the gold in the ore 
and the ounces per ton. Determine the per cent of soluble salts 
and the per cent chloridized as per notes on "Muffle Chloridizing 
Roast." Weigh out 2 kilos of ore, if small pans are to be used. 
(Large pans are iron; small pans are either iron or copper.) 
The pan is next cleaned out and then set in motion; add suffi- 
cient water to cover the miiller, the latter being so set as to 
grind upon the dies, unless a copper pan is used. The ore is 
then added until the pan is charged (the small pans take about 
1800 grammes). The contents should be about the consistency 
of thick paint, and they will probably require the addition of 
more water to make them so, but it is better to have the pulp 
too thick than too thin. 

Unless a copper pan is used or the ore has been roasted, the 
miiller should grind on the dies until the ore is entirely free from 
lumps. If all the ore will pass a 40-mesh sieve, grinding is unneces- 
sary. When the pulp is sufficiently fine, raise the miiller (to avoid 
grinding or '"flouring" the Hg) and then add 200 to 500 grammes 
of Hg in a fine spray. This can be done through chamois or by 
means of a funnel drawn to a fine point. 

If the pulp is in the right condition, mercury will be found 
in every portion of it. Heat the pulp to about 160° to 180° Fah. 
and keep this temperature up to the end of the test. Amalgamate 
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for from one to three hours and try to keep the pulp of the same 
consistency all the time. Many reactions take place which may 
be due to the constituents of the ore or may arise from the chemi- 
cals, such as salt, blue vitriol, or H2SO4, which have been added 
to the pulp.* Much uncertainty exists in regard to these reac- 
tions, but the following are said to take place: 

CUSO4 -h 2NaCl = CUCI2+ Na^SO^ ; 
CU2CI2+ AgjS = 2AgCl + Cu^S ; 
2CUCI2+ AgjS = 2 AgCl + CU2CI2 + S ; 
2CUCI2+ 2 Ag = 2AgCl+ CU2CI2; 
CU2CI2 + AgjS = 2Ag + CuS+ CUCI2; 
Hg2Cl2+Fe=FeCl2+2Hg; 
2AgCl +Fe = FeCl2+ 2Ag.; 
Ag2S+2Hg=Ag2Hg + HgS. 

The iron pan aids the action of the mercury, and decom- 
poses both the AgCl and any calomel that may form. 

PbClj will amalgamate, but PbS04 will not, and this is one 
reason for adding CuSO^ when lead is present in an ore. When 
zinc blende and pyrite are present and the gangue is calcareous, 
some authorities say that salt and bluestone should not be added 
to the pan. The lime consumes the bluestone, forming CaSO^, 
and the sulphides seem to flour the mercury in the presence of 
salt and perhaps form chlorides. CuCl^ or Fe2Cl6, if present in 
too large proportion, are liable to form calomel (HgjClj). To 
discharge the small pan, either fill it with water and run the 
whole contents into a hydraulic classifier or else pan it down in 
a gold-pan. All the water, sUmes, and taiUngs are either filtered 
on a large cloth filter, stretched on a wooden frame, or allowed 
to settle overnight and the water decanted the next day. Dry 
the residue, weigh, pass through a sieve to remove the lumps, 
sample carefully, and assay. The mercury and amalgam are 
cleaned and retorted. (See Retorting.) As some amalgam will 
stick to the pan and miiller^ or some amalgam, from a previous 

* Patio Process for Amalgamation of Silver Ores. Manuel V. Ortega, 
American Institute Mining Engineers, November 1901. 
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run, may be removed, results must be based on the assay of the 
tailings. 

The residue in the retort is melted in a small crucible with 
a little soda, borax glass, and lead, and the button cupelled, unless 
copper is present, when the button will have to be scorified until 
the copper is removed. 

Weigh the resulting button and, if gold is present, part as 
usual. 

The report should be as follows: 





Weight 
of Ore. 


Assay. 


Total 

Weight 

of Ag 

in 
Grms. 


Per 

Cent 

Chlorid- 

ized. 


Per 
Cent as 

Ag2S04 


Per 
Cent 

In 
Tail- 
ings. 


Raw ore 


1710 gm. 
1553 gm- 


106.4 OZ. 

19.8 OZ. 
19.8 OZ. 


6.240 

1.054 


79.1 


398 




Roasted ore 




Tests on the roasted ore showed 

that: 
Salts soluble in HaO^S.Qi^ 
Sample of roasted ore lixiviated 

with hypo, showed 
Soluble salts -9. 2% 
Based on these results, the 

whole roasted ore, after 

hypo, leach, would be 


16.92 



Silver extracted 

Tailings, calculated from salts 
soloMe in water «» 

Actual tailings, after amalga- 
mation = 

Bullion recovered 

Unaccounted for 



5.186 -83.11% 16.89 



i55&gm. 



1523.4" 23.2 OZ. 1. 21 



4.42 
.61 



-70.83% 
- 9.78% 



19.39 



Mercury . 



Weight Taken. 
500 grammes 



Recovered. 
490 grammes 



Per cent Lost^ 
2 



In practice it is not possible to weigh the tailings from a proc- 
ess, but it is possible to weigh both the raw and roasted ore and 
to obtain the assay of these. It is also possible to obtain a sample 
of the tailings as they go to waste, and from these results calcu- 
late the true extraction. 

If the process is pan amalgamation, the assay of the toasted 
ore is obtained and the percentage of salts soluble in water. If 
a leaching process is used, the roasted ore is assayed and the 
salts soluble in the solvent used are determined. A fair sample 
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of the tailings as they are discharged from the pan, settler, or 
leaching-tank is taken and assayed. 

Now this assay must be higher than it would be if the salts, 
other than silver salts (the percentage of these may be neglected 
unless the ore is extremely rich) soluble in water, were still present 
in the tailings or waste; in other words, the tailings have been 
partly concentrated. 

Take the previous test for example; the tailings after amalga- 
mation assay 23.2 oz. and the salts soluble in water =8.91%. 

Therefore, 100— 8.91 : 100 :: x : 23.2; that is, 0^=21.13 oz. 

If the roasted ore assayed 106.4 oz., then the bullion recovered 
should be 

106.4 



INDEX. 



Add slag, 8 

Alkaline carbonates, 6, 7 

Alkali or alkali wash, 245 
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making, 260 
Amalgamation in ball mill, 255 
by bottle, 253 
of gold ores, 259 
by pan, 253 
by stamp-mill, 259 
Annealing-cups, 136 
Antidote for KCy poisoning, 246 
Antimonial ores for silver, 42, no 
Antimony, reactions in cupellation, 

56 
Argols, 6, 66, 73, 75 

fusion for reducing power, 73, 

74 
Arsenical ores, crucible assay for gold 

and silver, 120 
scorification for silver, 

42 
Assaying, definition, i 
Assaying solutions, 165 
Assay of ores for copper, 193 

gold, 112 

lead, 170 

platinum, 204 

silver, 37, 76 

tin, 199 
Assay reagents, 5 
Assay ton system, 3 

Balances, 2 

Ball mill amalgamation, 255 

Barite, flux for, 68 

Barrel chlorination, 230 

Base bars, 178 

Base bullion, 179 



Basic slag, 8 
Bicarbonate of soda, 63 

influence on re- 
ducing power, 

74, 87 
Bismuth, 45 
Black flux, 174 

substitute, 174 
Bleaching-powder, 233 
Blicking, 53, 54 
Bone ash, analysis, 19 

on the market, 19 
Borax, 64, 75 

influence on R.P., 76, 86 
Borax glass, 64, 75 

influence on R.P., 76 
in scoriflcation, 42 
Bottle amalgamation, 253 
Broad spatula, 28 
Brightening of button, 53, 54 
Brittle buttons, 40, 45, 81, 177 
Bromine, treatment of gold ore by, 

248 
Bromide of cyanogen, 251 
Bucking-board, cleaning of, 28, 29 
Bullion, 178 

assay of, 179 
base, 179 
gold, 190 

assay of, i9r 
melting and refining, 263 
pouring and casting, 264 
silver, 178, 181, 185 
• assay of, 181 

Gay-Lussac method, 

179 
results, 183 
Volhard's method, 

187 

wet methods, 187 
small amounts, 265 
toughening, 264 
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Calcining, 222 

Carat, 5 

Charcoal, 6, 7, 66, 73, 75 

fusion for reducing power, 

73,75 
Charge (crucible) for silver and 
gold in ores: 
chromite ore, 114 
cupriferous ores, 107 
hematite, 83, 114 
iron oxide, 79, 83, 114 
limestone, 79, 114 
oxides, 78, 79, 114 
roasted ores, 114 
silicious ores, 78, 82, 114, 115 
sulphide ores, 93, 96, 99, 100, loi, 
123 
Chiddey's, A., method for assaying 

cyanide solutions, 168 
Chloridizing roast, 223 
Chlorination, terrel, 230 

of gold ores, 223 
Plattner, 223 
Chromite^ assay for gold, 114 
Clays, analysis of , 1 1 
Cleaning button before, weighing, 

55 
Cobalt ores for silver, 42 
Color of cupels after using, 54 
Color of scorifiers after using, 44 
Color of slags, 8 
Color of vapors, 39 
Combination wet and dry method 

for gold, 163 
Combination wet and dry method 

for silver, 51 
Concentration test, 35 
Coning and quartering, 26, 27 
Copper assay for silver, combination 

wet and dry method, 51 
Copper,. influence on loss of gold in 
cupelling, 143 
reactions in cupcUation, 56 
Copper bars, assay for gold, 162 
assay for silver, 50 
combination wet and 
. , . dry method for gold, 
163 
combination wet and 
. dry method for silver, 

51 
Copper matte, 9, 42, 46, 162 

; assay for gold, 162 

silver, 46 



Copper matte, scorification effect of 
borax, 48, 49 
scorification effect 0/ 

glass, 48, 49 
scorification effect of 
silica, 48, 49 
Copper ores, assay for copper, 193 
classification, 193 
crucible fusion for sil- 
ver, 107 
effect of different re- 
agents, 109 
fusion of, 195 
native, 197 
oxide, 197 
purchase of, 198 
roasting of, 195 
scorification, 46 
sulphide, 194 
Cornish method, 26 
Cream of tartar, 6, 66, 201 
Crucible method: 
copper ores, 201 
gold ores. Class I, 114 

11,115 

II, iron method, 

116, 117 
II, F, 123 
silver ores, 76 

Class I, 78 ' 
11,83,93 
iron method, 99 
special methods, 106 
tin ores, 199 
Crucibles, 14 ' 

analyses, 15 
glazing of, 15 
graphite, 15 
Hessian, 15 
number in cask, 15 
properties of, 14 
size of, 15 
Crust on fusion, 75 
Crystals of litharge, 53, 62 
Cupellation, 52 

of gold, 142 
of silver, 53 
reactions in, 55, 56 
silver losses in, 58 
Cupels, 19 

assay of, 57, 152, 159 
color after using, 54, 60, 143 
drying, 20 
manufacture, 19 
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Cyanide process: 

alkali wash, 245 

as applied to concentrates, 239 

experimental treatment of ores, 236 

some reactions, 243 

report on, 237 

for treatment of ores, 234 
Cyanide solutions, agsay of, 165, 168 
Cyanogen bromide, 251 

Dead roast, 117, 140, 194 ^. 
Desulphurizing agents, 7 . . i 

Dusting of ores, 106 

Experiment, barrel chlorination, 231 
1: ottle amalgamation, 253 
in concentration, 35 
cyanide process, 236 
pan amalgamation, 276 
Plattner process, 223 
roasting an ore, 139 
roasting concentrates, 1 39 
silver chloridizing roast, 

269 
with bullion, 180 
with C.P. silver, 56 

Experimental treatment of gold ores, 
252 

"Fan" from vanning, 118 
Ferric oxide, 6, 67 

action in fusion, 68 
Ferrous sulphate solution, 229 
Final sample, fineness, 24, 28, 146 
Fine silver bars, *i 78 
Fire-brick, 11. 

fiising-point, 11 

laying, 21 
Fire-clays, 11 
Flour, 6, 66, 103, in, 131 
Fluor-spar, 68, 172 
Fluxes, 7, 63 

Flux mixture, 103, in, 131 
Free-milling gold ore, 252 

true value, 254 
Free-milling test in ball mill, 255 
Freezing of button in cupelling, 53 
Fuels, 10 
Furnaces, 10, 12, 13 

repairing, 21 
Fusion, how made in pot-furnace, 73, 

80, 119 
in muffle, 82, 104, 115, 116, 
126, 173, 174 



Fusion in muffle, how made, 1 73 
Fusion products, 8 

Galena, assay for silver^ loi 
Glass, 68, 74 

influence on reducmg powtr 
of a substance, 74, 75 
Gold, combmation wet and dry 
method, 163 
flashing of, 138 
fusing- point, 112 
how paid for in ores, 138 
in bismuth, 165 
in copper bars, 162 
in copper matte, 162 
in star antimony, 164 
in zmc box residues, 145 
loss in cupelling, 142, 143, 144 
partmg buttons, 134 
precipitation trom AuClj, 226, 

228 
effect of impurities upon pre 

cipitation, 229 
separation from Pt and Ir, 

139, 211 
solubihty in strong nitric aud 

i35» M4 
solubility in nittoui and nitiic 

acid combined, 163 
value of grain, 4 

gramme, 4 
ounce, 4 
volatility of, 141, 14a 
weighing of, 137 
Gold amalgam, 262 
Gold bullion, 190 

minerals, rich ores, 113 
Gold ores, 112 

crucible method, 114 
experimental treatment, 

252 
fusion in muffle. 115 
methods of assayi 113 
sconfication method, 113 
steps in assay, 113 
Gold-pan amalgamation. 253 
Gold precipitate, cupellation of, 226 
Gold solutions, assay of, 165 
Granulated lead, 8, 70 

correction for silvci 

44 
testing for silver, 70 
Graphite, analysis, 15 
Graphite crucibles 16 
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GrapUte crucibles, heating of, i6 

manufactiire of, 
17 

Hammer and anvil, 55 

Hard buttons, 40, 81, 177 

Heath, G. L., copper assaying in Lake 

Superior Region, 198 
Hematite, assay for gold, 114 
Slver, 83 

Inquartation, 135 

Introduction, i 

Iridium, 204, 206, 212, 218 

Iridosmium, 204, 211, 212, 220 

Iron, 7, 66 

when necessary in fusion, 100 

Iron and lead silicates, 66, 172, 176 

Iron and lead sulphide, 7, 66, 69, 172 

Iron and litharge, 6, 66, 69 

Iron matte, 9 

Iron method, 99, 117, 119 

advantage^, 119 
disadvantages, 119 
fusion, 119 
reactions, 100 
when used, 100 

Iron oxide, assay for gold, 114 
silver, 83 
fusion of, 79 
influence on size of lead 
button, 68 

Iron speiss, 9, 121, 122 

Labelling samples, 23 
Lead, 170 

amount required in scorifica- 

tion, 42 
assay of ores for, 170 
granulated, 70 

testing for silver, 
70 
ratio to copper in scorifying, 
48, 49 
Lead and nitre, 67 
Lead assay, fusion in muffle, 173 

fusion in pot-fumace, 174 
general remarks, 177 
iron crucible method, 175 
KCy method, 174 
other metals in, 172 
oxide ores, 175 
slags, 175 
sulphide ores, 172 



Lead bullion, 179 

Lead button, size to cupel, 20 

size from scoriflcation, 

.43> 53 

size from crucible work, 
72, 99, IDS 
Lead matte for silver, 42 
Lead ores, 170 

classification, 171 
Lead silicates, 65 

and iron, 65, 172, 17$ 
and sulphides, 92 
Lead speiss, assay for silver, 42 
Lead sulphide and iron, 5, 69, 172 
Limestone, assay for gold, 114 
Slver, 79 
Litharge, 6, 7, 64, 70 

action on metals, 65 

sulphides, 65 
amount absorbed by cupel, 

amount to use with sulphide 

ores, 94 
and carbon, 5, 66, 74 
and iron, 6, 66, 69 
and nitre fusion, 93, 123, 

126 
and nitre fusion, advan- 
tages and disadvantages, 
126 
and sulphides, 7, 65, 66 
assay for silver, 70 
ratio to copj)er in ore, 109 
silica, and soda, 65 
testing for silver and gold, 
70 
Litharge crystals, 53, 62 
Loss of gold in cupelling, 142 , 
scorifying, 113 
silver in cupelling, 59 
scorifying, 62 
Lutes, 21 

Manganese binoxide, 6, 67 

influence on 
size of lead 
button, 68 
Matte, 9 

assay of, 46, 162 
iron, 102 
Mercury, cleaning of, 268 

recovery from solution. , 

262 
retorting of, 266 
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Metallic copper, assay for sUver, 50 
Metallic particles, 28, 29, 30, 31, 32 
Metallurgical laboratory: 

experiments and notes, 221 

general directions, 221 
Mixing the sample, 29, 38, 146 
Mortars, 21 
Muffle chloridizing roast, 269 

report on, 

275 
Muffle fusion, 82, 104, 115, 116, 126, 

173, 174 
eflFect of temperature, 
76, 83, 104 
Muffles, 20 

care of, 21 
life of, 21 
repairing, 22 
setting, 22 
size, 20 

Nickel ores for silver, 4a 
in cupellation, 54 

Nickel speiss, 9 

Nitre, 6, 7, 67, 71 
and lead, 67 

and litharge fusion, 93, 123, 126 
and size of lead button, 72 
and sulphides, 6, 67, 71, 93 
incorrect oxidizing power of, 72 
oxidizing power, 71, 72, 73 

Nitric acid, strength in parting, 135 

Osmium, 204, 207, 219 
Oxide of iron, 6, 67 

influence on size of 
lead button, 68 
Oxide ores: 

rucible assay for silver, 78 
crucible assay for gold, 114, 115 
Oxidizing agents, 6 

definition, 6 
Oxidizing power of nitre, 71, 72, 73 
ores, 67 

incorrect 
value, 72 
Oxygen, 6, 7 

Palladium, 204, 207, 219 

Pan amalgamation, 276 

reactions, 277 
report on, 278 

Panning test, 35 

Parting silver and gold, 134 



Parting with H^SO^ 144 
Parting, acids to use, 134 

transferring the gold, 137 
Pellets, calculation, 30 

examples, 31, 32, ^^, 34 
Platinum, 204, 218 

and H2SO4, 145, 211 
effect of gold on parting, 

215, 216 
effect of silver on parting, 

211, 216 
qualitative tests, 205 
quantitative analysis, 208 
separation from gold, 139, 
211 
from silver and 
gold, 211 
and silver alloys, 214 
sources of, 204 
table of solubility, 206 
Platinum bullion, 211 
Platinum group, table of solubility, 

206 
Platinum ores, assay of, 208 
Plattner chlorination, 223 

report, 227 
Poisoning by KCy, 245 
Potassium carbonate, 63 
Potassium cyanide, 246 

poisoning by, 245 
titration of solu- 
tion, 247 
Potassium nitrate, 6, 7, 67, 71 

and metallic lead, 

67 
and sulphides, 6, 
67,71 
Preliminary fusion, 84 

effect of silica, 86 
borax,86 
soda, 87, 
88, 89 
tempera- 
ture. 

Quartering, 27 

Reagents, 63 

Recovery of mercury from solutions, 
262 
silver from solutions, 189 
Reducing agents, 5, 73 

definition, 5 



286 



INDEX. 



Reducing power, determination of, 73 
influence of silica, 

74 
influence of different 

reagents, 108 
of ores, 84 

true, 84 
working, 84 
true value, 72 
Refining flux for copper, 197 
Refractories, 11 
Regulus, 9 

Repairing furnaces, 22 
Repairing muffles, 22 
Rescorifying buttons, 44 
Results, closeness of, in ores, 138 

reporting, 55 
Retorting mercury, 266 
Rhodium, 204, 207, 212 
Roast, chloridizing, 223 
dead, 117, 194 
sulphatizing, 223 
Roasted ore, assay for gold, 114 

treatment by bromine, 
248 
Roasting, 222, 224 

an ore, 116, 139 

reactions, 117, 195 
Roasting and reaction process, 223 
Rolling the sample, 29, 38 
Ruthenium, 204, 207, 220 
oxides, 220 

Salt, 68 

Sample, final one, 28 

fineness of, 24, 28, 146 
labelling, 23 

mixing and rolling, 28, 38 
Sampling, 23 

methods, 25 
Cornish method, 26 
necessity of cleaning ma- 
chines, 29 
Scorification, reactions, 41 
Scorification method: 
for gold ores, 113, 115 
for silver ores, 37 
fusion period, 38 
liquefaction period, 40 
roasting period, 39 
scorification period, 39 
Scorifiers, 18 

addition of Si02 to, 18 
color after using, 44 



Scorifiers, effect of diameter on size 
of lead button, 43 
^ize, 18 
SiHca, 68, 74, 75 

addition to a fusion, 96 
and litharge, 65 
influence on the reducing 
power of a substance, 74, 
75,86 
in scorification, 42 
safe ratio to soda, 98 
soda, and litharge, 65 
Silicates of soda, 63 
Silicious ore: 
assay for gold, 114, 115 
assay for silver, 78, 82 
Silver, assay of solutions, 165 

combination wet and dry 

method, 51 
effect of increasing ratio to 

gold on gold loss, 144 
experiment with C.P., 56 
fusing-point, 37 
in bismuth, 165 

star antimony, 164 
recovery from solutions, 189, 
262 
Silver amalgam, 260 
Silver and copper alloys, cupella- 

tion of, 184 
Silver bead, weighing of, 55 
Silver bullion, 178, i8j, 185 
Silver button, blicking, 53, 58 
cleaning, 55 • 
Silver chloridizing roast, 269 

report on, 2 75 
Silver loss due to nitre, 104 
Silver losses in cupelling, 55, 56, 58, 62 
influence of bone -ash, 58 
cupel, 58 
copper, 61 
lead, 60 
tellurium 61 
temperature, 59 
Silver-ores, assay of, 37 

crucible method, 62 
pan amalgamation, 276 
scorification method, 37 
Size of lead buttons, 105 
Slag, 8 

assay of, 152, 159, 175 
effect of temperature on color, 9 
Soda, litharge, and silica, 65 
Sodium carbonate, 63 
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Sodium carbonate and metallic sul- 
phides, 63, 88 
influence on re- 
ducing power, 

74,87 
Sodium nitrate, 6, 67 
Sodium silicates, 63 
Solutions, assay of, 165 

making up of, 221 
Spatula, for taking samples, 28 
Special methods, 106 
gold in zinc-box residues, 145 
silver in antimonial ores, no 
copper ores, 106 
Speiss, 9 

influence of temperatiire on 

formation, 121 
iron, 9 
lead, 42 
nickel, 9 
Sperrylite, 205, 207 
Spitting of ores, 45 
Split shovel, 27 
Sprouting of button, 53, 54 
Stamp-mill work, 259 
Stanniferous ores, assay for silver, 42 
Starch, 6, 66 

Sulphates, decomposition by heat, 117 
order of decomposition by 

heat, 270 
roasted-ore test, 244 
Sulphatizing roast, 223 
Sulphides and lead silicates, 92 

bicarb, soda, 63, 88 
Sulphide ores, assay for silver, 93, 96, 
99, 100, lOI 
gold, 1 15, 1 1 7, 
123 
Sulphuric acid, parting with, 144 
Sulphurizing agents, 7 
Surcharge, 144 

Telluride ores, assay of, 127 
Tellurium, efttct on gold in cupella- 
tion, 133 
test for, 132 
Temperature, effect of insufficient, in 
muffle fusion, 76, St,, 
104 
influence on color of 
slag, 9 



Temperature, influence on cupella- 
tion of gold, 142 
influence on cupella- 

tion of silver, 59 
influence on the for- 
mation of speiss, 121 
influence on size of 
lead button, 76, 91, 
104 
Testing a roasted ore for sulphates, 

244 
Testing-reagents, 69 

R.P. of reagents, 73 
Time of fusion, 80, 84, 98, 120, 173, 

195, 202 
Tin, 199 

effect of SiOj on fusion, 200 
methods of assay, 201, 202 
steps in assay, 200 
Tin ores, 199 
Tongs, annealing-cup, 137 
crucible, 13 
cupel, 13 
lead assay, 173 
scorifier, 13, 38 
True R.P. of an ore, 72, 84 

Van Liew*s wet method for gold, 163 
silver, 51 
Vanning shovel, 77, 117, 257 
Vanning test, 35 

for character of ore, 118 
Vapors, color from scorification, 39 
Volhard's wet method for bullion, 187 
Volumetric method for silver, 179, 187 

Washing test for character of ore, 118 
Weighing silver beads, 55 

and gold beads, 133 
Weights, 2 

memoranda, 4 
White flux, 174 
Working R.P. of an ore, 71, 84 

Zinc blende, assay of, 42, 98 
Zinc-box residues, assay for gold, 145 
silver, 145 
best charge for 
scorification, 153, 
162 
Zinc, reactions in cupellation, 56 
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MtnoalofOnalitatiTaCiMmicAlAnAlyrii. Pvrtl. DoicriptiTO. (Welk.) 

8to, 3 oo 

Sfrtsm of Inttniction in QuantitntiTo Cliemlcnl Analydi. (Cohn.) 

a Toh. 8vo, za so 

Votrtof'a Wntor and Public Health xamo, z 50 

Pwman'a Xannal of PractiMa Aaiayinc SvPt 3 oo 

Ootman'toBKaroiiaainPhTiicalChemiitry. zamo, 

OOTu Oaa and Fuel Analyait for Bncinoan zamo. z as 

•rolonfolfiPrincivlat of Modem Dairy Practica. (WolL) zamo, a oo 

HammarMen** Tezt-book of Pliyriological Chemistry. (MandaL) 8vo, 4 00 

Hefan'sPrinciplea el Mathematical Cliemietry. (Mergan.) zamo« z s* 

Haring^ Ready Sefarenoe TaUea (Confvniott Faetoti). tdrno* moroc c o, a so 

Hinda*! Inorganic Chemistry Svo, 3 00 

o Laboratory Manual for Stndents zamo, 7S 

HoOeman's Tezt-book of Inorganic Chemistry. (Cooper.) 8to, a so 

Text-book of Organic Chemistry. (Walker and Mott) 8vo, a 50 

o.; ^ Laboratory Manual of Organic Chemistry. (Wallnr.). zamo, zoo 

Hopkins's Oil-chemists' Handbook 8vo, 3 00 

Jackson's Directions for Laboratory Work In Physiological Chemistry . . 8vo, z as 

Keep^s Cast Iron ^. 8yo, a 50 

Uidd'to Manual of Quantitam Chemical Analysis zamo, z 00 

L a ndan a r 's Spectrum Analysis. (Tingle.) 8yo, 3 00 

La w ar -Cohn's Practical Urinary Analyaia. (Lorenz.) zamo, z 00 

** Application of Some General Reactions to InTestigations In Organic 
Chemistry. (Tingle.) (/n prM«.) 

Leach's The Inspection and Analysis of Food with Special Reference to State 

ControL (/n pr^paraium,) 
LOb's Electrolysis and Electrosynthesis of Organic Compounds. (Lorenx.) zamo, z oo 
Lodge's Votes on Assaying and Metalhugical Laboratory Bzpsriments. (/» 

Lunge's Tecluio chemical Analysis. (Cohn.) (InprMt.) 

Mandel's Handbook for Bio-chemical Laboratory zamo. z so 

e Martin'to Laboratory Guide to QualitatlTe Analysis with the Blow^pe . . zamo, 6o 
Mason's Water-eupply. (Considered Principally from a Sanitary Standpoint) 

: ^ 3d Edition, Rewritten 8vo, 4 00 

Examination of Water. (Chemical and BacteriologicaL) zamo, z as 

Matthews's The Textile Fibres. (/nprsM.) 

Meyer's Determination of Radicles to Carbon Con^ounda. (Ttogle.). . zamo, z oo 

Miner's Manual of Assaying zamo, z 00 

Mixter's Elementary Text-book of Chemistry zamo, z so 

Morgan's Outline of Theory of Solution and ite Resulta zamo, z 00 

Blemente of Physical Chemistry zamo, a eo 

Ifbfss^ Calculations used to Cane-sugar Factories z6mo, morocco, z so 

Mulliken's General Method for the Identification of Pure Organic Compounds. 

VoL L I-oto •▼o, S 00 

ffichols's Water-supply. (Considered matoly from a Chemical and Sanitary 

Standpotot, Z883.) ®^» ' »• 

O'Brine's Laboratory Guide to Chemical Analysis 8vo, a 00 

O'DriscoU's Hotes on the Treatment of Gold Ores 8to, a oo 

OKt and Kolbeck's Test-book of Chemical Technology. (Lorenz^Bozart) ' 

(In preparoHan,) 
Ostwald'to School of Chemistry. Part One. (Ramsey.) {In prm.) 
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^ Ptnlield't Notes on Detenninative Mineralogy and Record of^Mineral Tests. 

8¥0> paper, 50 

Fictef s Tlie Alkaloids and their Chemical Constitution. (Biddle.) Sro, 5 00 

Pinner's Introduction to Organic Chemistry. (Austen.) zamo, z 50 

Poole's Calorific Power of Fuels 8vo» 3 09 

Frescott and Winslow's Elements of Water Bacteriology* with Special Refer- 
ence to Sanitary Water Analysis.. zamo, i as 

• Reisig*s Guide to Piece-dyeing 8yo, as 00 

Richards and Woodman's Air,Water» and Food from a Sanitary Standpoint. Sto, a oo 
Richards's Cost of Living as Modified by Sanitary Science zamo, z 00 

Cost of Food a Study in Dietaries zamo, z 00 

^ Richards and Williams's The Dietary Computer 8to« i 50 

Ricketts and Russell's Skeleton Notes upon Inorganic Chemistry. (Part L — 

Non-metallic Blements.) oYO, morocco, 7S 

Ricketts and Miller's Notes on Assaying 8to, 3 o« 

Rideal's Sewage and the Bacterial Purification of Sewage 8to, 3 50 

Disinfection and the Preserration of Food. 8to, 4 00 

Riggs's Elementary Manual for the Chemical Laboratory 8to, z as 

Ruddiman's Incompatibilities in Prescriptions 8to, a o« 

Sabin's Industrial and Artistic Technology of Paints and Varnish. Sro, 3 00 

Salkowaki's Physiological and Pathotogical Chemistry. (Omdorff.). . . .8to, a 50 
Sehimpf's Text-book of Vohxmetric Analysis zamo,. a 50 

Essentials of Volumetric Analysis zanw, i ag 

Spencer's Handbook for Chemists of Beet-sugar Houses. z6mo, morocco, 3 •• 

Handbook for Sugar Manufacturers and their Chemists. . z6mo, moroccot a •• 
Slockbridge's Rocks and Soils 8to> a S* 

• Tillman's Elementary Lessons in Heat 8to, z so 

* DescriptiTe General Chemistry StOb 3 •• 

Tnadwell's QuaHtatlTe Analysis. (HalL) 8vo, 3 m 

Quantitatiye Analysis. (HalL). 8vo» 4 00 

T^imeaure and Russell's Public Water-supplies 8to, 5 •• 

Van DcTenter's Physical Chemistry for Beginners. (Boltwood.) zamo, z 5* 

* Walke's Lectures on Explosives Sto^ 4 09 

Washington's Manual of the Chemical Analysis of Rocks. (In pren.) 
Wassermann's Immune Sera: Haemolysins, Cytotozins, and Precipitins. (Bol- 

duan.) zamo, z 00 

Wells's Laboratory Guide in QualitatiTe Chemical Analysis. 8vo, z s« 

Short Course in Inorganic Oualitatiye Chemical Analysis for Engineering 

Students zamo, z $• 

Whipple's Microscopy of Drinking-water. 8vo, 3 99 

Wiechmann's Sugar Analysis Small Svo. a 5* 

Wilson's Cyanide Processes. zamo, z s» 

Chloiination Process zamo. z 5» 

WulUng's Elementary Course in Inorganic Pharmaceutical and Medkal Chem- 
istry. zamo, a •• 

CIVIL £]T6I5££IUirO. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF BNOINEBRniO 

RAILWAY ENGINEBRINO. 

Baker's Engineers' Surveying Instruments zamo, 3 •• 

nxby's Graphical Computing Table. Paper 19^ X a4i Inches. ag 

•^ Burr's Ancient and Modem Engineering and the Isthmian CanaL (Postage, 

a7 cents additionaL) 8to, net, 3 50 

Comstock's Field Astronomy for Engineers. 8to, a 50 

Davis's Elevation and Stadia Tables 8vo, z 00 

BlUott^s Engineering for Land Drainage zamo, z 50 

Practical Farm Drainage lamo, z •• 

Fotwell's Sewerage. (Designing and Maintenanca.). Svo« 3 •• 

freltag's Architectural Engineering, ad Edition Rewxitlan 8v«, 3 ga 
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Vjranch and Itm'i Stenotomy Sro, a 9» 

Ooodhue'i Moniclpal ImpcoYcmentt zamo, i 78 

Goodrich*! Economic Ditponl of Towns* RofuM 8to, 3 90 

Oon'i Eiomonts of Oeodeiy 8to. 2 50 

Hayford*! Tezt-booli of Oeodotic Aitronomy 8to, 3 00 

Eoring't Ready Rsference TablM (ConTonlon Factors) z6mo, morocco, a 50 

Howo's Retaining Walls for Bartli zamo, s as 

Johnson's Theory and Practice of Surreyinc Small Bvo, 4 00 

Statics by Algehraic and Oraphic Methods 8to. a 00 

Xierrted'i Sewage Disposal lamo, z as 

Laplace's Philosophical Bany on ProbabiUties. (Truscott and Emory.) zamoi a 00 
Mahan's Treatise on CItU Engineering. ( z873 ) (Wood.) 8vo» s 00 

* Descriptive Geometry 8yo. i s* 

Mezfiman's Elements of Precise Snrreying and Geodesy Syo, a s* 

Elements of Sanitary Engineering 8vo, a 00 

Merriman and Brooks's Handbook for Sunreyors z6mo» morocco, a oo 

Ilagent*s Plane Sonreying 8to, 3 90 

Ogden's Sewer Design. zamo. a 00 

Patton's Treatise on CiTil Engineering 8to half leather, 7 go 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Rideal's Sewage and the Bacterial Purification of Sewage 8vo, 3 90 

ftebert and Biggin's Modem Stone-cutting and Masonry 8vo, z so 

Smith's Manual of Topographical Drawing. (McMiUan.) 8to, a so 

Sond eri c ker 's Graphic Sutics* wttn Applications co Trusses, Beams, and 

Arches. 8vo, a 00 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced, (/n preaa. ) 

* Trantwine'i CMl Engineer's Pocket-book z6mo, morocco, 5 00 

Walt's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 so 

Law of Contracts Svo, 3 00 

Warren'i StereotomyProblems in Stone-cutting. 8vo, a so 

Webb's Problems in the U«e and Adjustment of Engineering Instruments. 

zomo, morocco, z as 

* Wheeler'i Elementary Course of Civil Engineering Svo, 4 00 

Wilson's Topographic Surreying 8to, 3 so 

BRIDOES AND ROOFS. 
Boiler's Practical Treatise on the Construction of Iron Highway Bridges. .8vo, a 00 

* Thames Riytr Bridge 4to, paper. 5 00 

Burr's Course on the Stresses in Bridges and Roof Trusses, Arched Ribs, and 

Suspension Bridges. 8to, 3 50 

Da Bois's Mechanics of Engineering. VoL IL Small 4to, zo 00 

Voatar's Treatise on Wooden Trestle Bridges 4to, 5 00 

Fowler*s Coffer-dam Process for Piers 8to, a so 

•nene's Roof Trusses Svo, z as 

Bridge Trusses Svo, a so 

Arches in Wood, Iron, and Stone 8vo» a so 

Howe's Treatise on Archee Svo, 4 oo 

Design of Simple Roof-trusses in Wood and Steel Svo, a 00 

Johnson. Bryan, and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Stractures Small 4to, zo 00 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I.— Stresses in Simple Trusses Svo. a so 

Part II.— Graphic Statics Svo. a so 

Part in.— Bridge Design. 4th Edition. Rewritten Svo. a so 

Part IV.— Higher Structures Svo. a so 

Morison's Memphis Bridge 4to, zo 00 
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Wa4dell'tDePontibiis» a Pocket-book lor Bridi«Bflciii«en...z6iiio* morocco. 3 09 

Spedficationt for SteelBridget lamo, z as 

Wood's TreadM on the Thaory of the Constniction of Bridget and Roofa.Svo, a 00 

Wflglit'e Deaicning of Draw-epani: 

Part L ^Plate-girder Draws 8to» 2 so 

Part IL — RiTcted-truss and Pin-connected Long-s]ian Draws 8to, a s* 

Two parts in one Tolnme 8to, 3 so 

HYDRAULICS. 

Baiin's Bzperiments upon the Contraction of the Liquid Vein Issuing from an 

Oriflce. (Trautwine.) Sto, 3 00 

Bovey's Treatise on Hydraulics 8to, 5 o« 

Chttreh's Mechanics of Bngineering 8to, 6 00 

Diagrams of Mean Velocity of Water in Open Channels paper* i so 

CofSn's Graphical Solution of Hydraulic Problems z6mo, morocco, a so 

Flather's Dynamometers, and the Measurement of Power zamo» 3 o« 

Fohrell's Water-supply Engineering 8vo, 4 00 

Mxell's Water-power. 8yo, 5 00 

foartes's Water and Public Health zaaM>, z so 

Water-filtration Works zamo, a so 

Oanguillet and Kntter'a General Formula for the Uniform Flow of Water in 

RiTers and Other Channels. (Hering and Trautwine.) 8to, 4 00 

Hasan's Fittratdon of Public Water-supply 8yo, 3 00 

Bazlehursfs Towers and Tanka for Water-works 8yo, a so 

Herschel's zzs Bxpe ri menia on the Carrying Capacity of Large, Riveted, Metal 

Conduita 8to, a 00 

Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point) 3d Bdidon, Rewritten 8to, 4 00 

Merriman's Treatise on Hydraulics. 9th Edition, Rewritten Syo, $ 00 

a MIchie's Elements of Analytical Mechanics 8to, 4 00 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply Large 8vo, s 00 

00 Thomas and Watt* s Improvement of Riyers. (Post., 44 c. additional), 4to, 6 00 

Tumeaure and Russell's Public Water-supplies. 8vo, s 00 

Wegmann's Desisn and Construction of Dams 4to, S 00 

Water-supply of the (2ity of New Tork from Z658 to'z89S 4to, zo 00 

Weiabach's Hydraulics and Hydraulic Motors. (DuBois.) 8vo, s 00 

Wilson's Manual of Irrigation Bngineering Small 8vo. 4 00 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Turbines 8vo, a so 

Elements of Analytical Mechanics 8vo, 3 00 

KATERIALS OF ERGIHEERniG. 

Baker's Treatise on Masonry (instruction 8vo, s 00 

Roads and Pavements. 8vo, s 00 

Bkek's United States Public Works Oblong 4to, s 00 

Bovey's Strength of Materials and Theory of Structures. 8vo, 7 so 

Burr's Elasticity and Resistance of the Materials of Bngineering. 6th Edi- 
tion, Rewritten 8vo, 7 so 

Byrne's Highway (instruction Svo, s 00 

Inspection of the Materials and Workmanship Employed Jn Construction. 

z6mo, 3 00 

(lurch's Mechanics of Engineering Svo, 6 00 

Dtt Bois's Mechanics of Engineering. Vol. I Small 4to, 7 50 

Johnson's Materials of (instruction Large Svo, 6 00 

Keep's Cast Iron Svo, a so 

Lanza's Applied Mechanics Svo, 7 50 

Martens's Handbook on Testing Materials. (Henning.) a vols. Svo, 7 50 

Merrill's Stones for Building and Decoration Svo, s 00 
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llitrliiian't Text-book on tbt IbchAnlei of Xateriali 8to, 4 o» 

Strenffth of lUtoriali lamo, i 00 

Motcalffl SteeL A Kumal for StMl-vtert xamo, 3 00 

PAtton'i Practical TreatiM on Foundationt. 8to, 5 00 

Skhay'a Hanbbook for Building Saperintondants of Conttroction. (/11 preu.) 

RockwtU'iRoada and Payemanti in France lamo, x as 

Sabin'a Industrial and Artiatic Technology of Paintf and Vandili 8to, 3 00 

Smith's Hateriais of Machines . .xamo, x 00 

Snow's Principal Spedea of Wood 8to, 3 50 

Spalding's Hydraulic Cement xamo, a 00 

Text-book on Roads and PaTsments xamo* a oo 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced. {In 
prew.) 

Thwston's Materials of Engineering. 3 Parts. 8to, 8 oo 

Part L — ^Ron-metallic Materials of Engineering and Metallurgy 8vo, a o» 

Part IL— Iron and Steel 8to, 3 50 

Part in. — A Treatise on Brasses, Bronses, and Other Alloys and their 

Constituents 8to, a 50 

Thttistott's Text-book of the Materials of Construction 8^, s «• 

TUlBon's Street Payements and Paving Materials 8to, 4 00 

WaddeU's De Pontibus. (A Pocket-book for Bridge Engineers.) . . x6mo, mor., 3 00 

Spedfteations for Steel Bridges xamo, x 9S 

Wood's Treatise on the Resistsnce of Materials, and an Appendix on the Pres* 

enratioa of Timber 8to, a oa 

Elements of Analytical Mechanics 8vo, 3 oa 

Wood's Rustless Coatings: Corrosion and Electrolyris of Iron and Steel. . .Sro. 4 00 

RAILWAY ENGUffEERIHG. 

Andrews's Handbook for Street Railway Engineeia. 3X5 inches, morocco, x ag 

Berg's Buildings and Structures of American Railroads 4to, 5 oa 

Brooks's Handbook of Street Railroad Location x6mo. morocco, x 50 

Butti's Civil Engineer's Field-book x6mo, morocco, a 50 

Ciaxidall's Transition Curve x6mo, morocco, x ga 

Railway and Other Earthwork Tables 8vo, x 50 

Dawson's "Engineering" and Electric Traction Pocket-book. x6mo, morocco, 5 00 

Dredge's History of the Pennsylvania Railroad : (1870). Fsper, 5 00 

* Drinker's Tunneling, Explosive Compounds, and Rock Dril]a,4to, half mor., ag 00 

Fisher's Table of Cubic Yards Cardboard, aS 

Godwin's Railroad Engineers' Field-book and Explorers' Guide. .... x6mo, mor., a 90 

Howard's Transition Curve neld-book x6mo, morocco, x g* 

Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments 8vo, X 00 

MoHtor and Beard's Manual for Resident Engineers x6mo, x 00 

Ragle's Field Manual for Railroad Engineers x6mo, morocco. 3 -oo 

Philbrick's Field Manual for Engineers xftmo, morocco, 3 00 

Searles's Field Engineering x6mo, morocco, 3 00 

Railroad SpiraL x6mo, morocco, x go 

Taylor's Prismoidal Fomtute and Earthwork Svo, x 50 

* Trautwine's Method of Calculating the Cubic Contents of Excavations and 

Embankments by the Aid of Diagrams. Svo, a 00 

The Field Practice of [Laying Out Circular Curves for Railroada. 

lamo, morocco, a SO 

Cross-section Sheet Psper, i5 

Webb's Railroad Construction, ad Edition, Rewritten i6mo. morocco, 5 00 

Wellington's Economic Theory of the Location of Railways Small Svo, s 00 

DRAWHTG. 

Barr's Kinematics of Machinery Svo, a S^ 

* Bartletfs Mechanical Drawing Svo, 3 00 

* " AbridgedEd Svo, x g* 
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CooHdga't MAnuftl of Drawing 8vo. paper, z oo 

Coolidcv and Vretman'a Blmanti of Ooiwral Draftiiif for Machankal Bnci- 
neeft. (/n prsM.) 

Doztoy^a Kinamatica of Ifaehinea 8to, 4 oo 

ffilTa Text-book on Shadea and Shadows, and PeripectlTO 8vo, a 00 

JiuBiaon'a Blementi of Machankal Drawinc. (in prtM.) 
36008*8 Machine Deaicn: 

Fart L— Kinematics of Machinery 8?o, z so 

Part n. — ^Form, Strencth, and Proportiona of Parts Svo* 3 oo 

■acCofd'ft SlementB of Descriptive Geometr> 8vo, 300 

Kinematfss; or. Practical Mechanism. 8?o» 500 

Mechanical Drawing., n 4to, 400 

Velocity Diagrama 8to, z 50 

• MJahan'a Dem iptJTe Geometry and Stono-cntting 8to. z 50 

IndnsCrial Drawing. (Thompeon.). Sro^ 3 SO 

Moyer's Deecrlptiye Geometry. (In prtt.) 

Reed's Topographical Drawing and Sketcliing 4to» S oo 

Maid's Coitfse in Mecheniral Drawing 8to, a oo 

Text-book of Mechanical Drawing and Elementary Machine Design. .8vo, 3 00 

Robinson's Principles of Mechanism. Sto, 3 00 

Smith's Mamial of Topogcaphical Drawing. (McMillan.). 8^0,230 

Warren's Elements of Plane and SoUd Free-hand Geometrical Drawing., zamo, z 00 

Drafting Instroments and Operationa. zamo, z ag 

Manual of Elementary Projection Drawing. zamo, z so 

Manual of Elementary Problema in the Linear Perspectlye of Form and i 

Shadow zamo, z 00 

Phme Problema in Elementary Geometry zamo, i ag 

Primary Geometry zamo, 7S 

Elements of Descriptive Geometry, Shadowa, and Per^pectiTe 8vo, 3 SO 

General Problema of Shadee and Sliadows 8to, 3 00 

Elementi of Machine Construction and Drawing 8?o, 7 SO 

Problems* Theorema, and Examples in Deecriptive Geometry 8vo. a so 

Weiabach's Kinematics and the Power of Tranamimion. (Hermann and 

Klein.) 8vo, S 00 

Whelpley's Practical Instmction in the Art ^ Letter Engraying zamo, a 00 

Wileon's Topographic Sorreying 8yo, 3 SO 

Free-hand PerspectiTS 8yo, a so 

Free-hand Lettering. Sro, z oo 

Woolf 8 Elementary Course in DescriptiTe (geometry. Large 8to, 3 oo 

ELECTRICITY AMD PHYSICS. 

Anthony and Bracketfs Text-book of Physics. (Magie.) Small 8yo, 3 00 

Anthony's Lecture-notes on the Theory of Electrical Measnrenenta zamo, z 00 

Benjamin's History of Electricity 8vo, 3 00 

VoMaic Cell. 8to, 3 00 

Claaaen's Quantitative Chemical Analyna by Ele ctr o lyri a. (Boltwood.). .8vo, 3 00 

Crehore and Souler'a Polarizing Plioto-chionogniph 8vo« 3 00 

Dawson's "Ensineering" and Electric Traction Pocket-book. • i6nio, morocco, 5 00 
Dolezalek's Theory of tlie Lead Accumulator (Storage Battery). (Von 

Ende.) Z3mo,~a go 

Duhem'a Thermodynamica and Chemistry. (Burgess.) 8vo, 4 00 

Flather's Dynamometers, and the Measurement of Power zamo, 3 00 

Gilbert's De Magnate. (Mottetoy.) 8vo, a so 

Hanchetfs Alternating (^nirenta Explained. zamo, z 00 

Hering's Ready Reference Tabka (Conversion Factors) z6mo, morocco, a go 

Hohnan'g Precision of Measurement8 8vo, a 00 

Telescopic Mirror-acale Method, Adjustmente, and Tests.. . . .Large 8vo, 73 
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LandftiMr'sSpoctnimAiuUytii. (Xlngk.).... 8to, a «• 

LaChateUer'sHicli-temptntartMeasanaMati. (Boodoiutfil— lliuiMi.)i3iiio, 3 oo 
LOb't EtoetrolTBit and SlectrotynthMii of Oxs«iiie Compounds. (Lorenz.) lamo, i oo 

• Lyons*! Treatiso on BtoctronMigndticPhanomens. Vols. L and IL Vyo, each, 6 oo 

• mchie. Elements of Wave Xotioii Rektinc to Sound and Lifht. Bwo, 4 00 

mandefsBlementanr Treatise on BleetricBatleiiss. (Fishoaek.! xamo, a 50 

• Rosenberc's Blectiical Engineering. (Haldane Oee— Kinzbnmner.) 8to, 1 so 

Byan, Horris, and Hoxie's Electrical Kanhlnery. VoLL 8to, a $• 

Tliiinton's Stationary Steam-engines 8to, a so 

o Tillman's Elementary Lessons in Heat 8to, i so 

Tory and Pitcher's Manual of Laboratory Physics Small 8to, a 00 

Hike's Modem Electrolytic Copper Refining Sto, 3 00 

LAW. 

• DaTis's Elements of Law 8to, a so 

Treatise on the Military Law of United Stotes 8to. 7 00 

• Sheep, 7 SO 

Manuel for Courts-martial i6mo, morocco, x so 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 so 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8yo, 5 00 

Sheep, S SO 

Law of Contracts 8to, 3 00 

Winthrop's Abridgment of Military Law zamo, a so 

BCAHUFACTURES. 

Bemadou's Smokeless Powder-— Nitro-ceUulose and Theory of the Cellulose 

Molecule zamo, a so 

BoUand'sIron Founder zamo, a so 

** The Iron Founder,** Supplement. zamo, a so 

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the 

Practice of Moulding zamo, 3 00 

Blssler's Modem High BzplosiTes .^.Sro, 4 00 

Bfironfs Enzymes and their Applications. (Prescott) 8vo, 3 00 

FItzgeiald's Boston Machinist z8mo, x 00 

Ford's Boiler Making for Boiler Makers z8mo, 1 00 

Hopkins's Oil-chemists' Handbook 8vo, 3 00 

Keep's Cast Iron. 8vo, a so 

Leach's The Inspection and Analysis of Food with Special Reference to State 

ControL (/n preparatwn.) 
Matthews's The Textile Fibres. {In prett.) 

MetcalTs SteeL A Manual for Steel-users zamo, a 00 

Metcalfe's Cost of Manufactures --And the Administration of Workshops, 

Public and Priyate 8to, s 00 

Meyer's Modem Locomotive Constraction 4to, 10 00 

Morse's Calculations used in Cane-sugar Factories. z6mo, morocco, 1 50 

o Reisig's Guide to Piece-dyeing 8to, as 00 

Sabin's Industrial and Aztistic Technology of Paints and Varnish 8vo, s 00 

h's Press-working of Metals Sro, 3 00 

g's Hydraulic Cement zamo, a 00 

Spencer's Handbook for Chemists of Beet-sugar Houses idmo, morocco, 3 00 

HandbooK tor sugar Manufacturers and their Chemists. . . x6mo, morocco, a 00 
Taylor and Thompson's Treatise on Concrete, Plain and Reinforced. (/» 

preM.) 
Thunton's Msnual of Steam-boilers, their Designs, Constraction and Opera- 
tion • 8to, 5 00 
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* Walke't LMtnnt on EipUmIyw Sto, 4 00 

Wwf • Americftn Foundry Pnetice. xamo, 2 50 

MoQlder'i Text-book zamo, 2 50 

Wiodmuuin't Snfir Analjiis Small Sto, a 90 

WoUTg '^nndmUl as a Prime Mover 8to, 3 00 

Woodbury*! Fire Protection of Mini 8vo, a 50 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. . .8to, 4 00 

MATHEMATICS. 

Baker's BlUptie Functions 8to, i so 

* Bass's Elements of Differential Calculus lamo, 4 o* 

Briggs's Elements of Plane Analytic Geometry zamo, i 00 

Compton's Manual of Logarithmic Comyutations lamo, z 50 

BaTis's Introduction to the Logic of Algebra 8to, z 50 

e Dickson's College Algebra Large zamo, z so 

* Answers to Dickson's College Algebra 8to, paper, as 

e Introduction to the Theory of Algebraic Equations Large zamo, z as 

Halsted's Elements of Geometry 8vo. z 7S 

Elementary Synthetic Geometry Svo, z 50 

Rational Geometry zamo, 

o Johnson's Three-place Logarithmic Tables: Vest-pocket size paper, zs 

zoo copies for s 00 

* Mounted on heavy cardboard, 8 X zo inches, as 

zo copies for a 00 

Elementary Treatise on the Integral Calculus. Small 8yo, z so 

Curve Tracing in Cartesian Co-ordinates zamo, z 00 

Treatise on Ordinary and Partial Differential Equations Small 8vo, 3 50 

Theory of Errors and the Method of Least Squares zamo, z so 

o Theoretical Mechanics zamo, 3 00 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) zamo, a 00 

* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other 

Tables 8yo, 3 00 

Trigonometry and Tables published separately Each, a 00 

* Ludlow's Logarithmic and Trigonometric Tables Svo, z 00 

Maurer's Technical Mechanics. 8yo, 4 00 

Merriman and Woodward's Higher Mathematics Svo, 5 00 

Merriman's Method of Least Squares Svo, a 00 

Rice and Johnson's Elementary Treatise on the Differential Calculus . Sm., Svo, 3 00 

Differential and Integral Calculus, a vols, in one Small 8vo, a so 

Sabbi's Industrial and Artistic Technok>gy of Paints and Varnish. Svo, 3 00 

Wood's Elements of Co-ordinate Geometry Svo, a 00 

Trigonometry: Analytical, Plane, and Spherical zamo, z 00 

* MECHAHICAL ENGINEERING. 
MATERIALS OF ENGIHBBRINO. STEAM-ENGIHES AND BOILERS. 

Bacon's Forge Practice zamo, z so 

Baldwin's Steam Heating for Buildings ! zamo, a so 

Barr's Kinematics of Machinery Svo, a so 

o Bartlett's Mechanical Drawing Svo, 3 00 

* " . - " AbridgedEd. Svo. z so 

Benjamin's Wrinkles and Recipes zamo, a 00 

Carpenter's Experimental Engineering Svo, 6 00 

i ir^eating and Ventilating Buildings Svo, 4 00 

Gary's Smoke Suppression in Plants using Bituminous Coal, (/n prep- 
aration,) 

Clerk's Gas and Oil Engine Small Svo, 4 00 

Coolidge's Manual of Drawing Svo, paper, z 00 
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Compton'i FInt LeMOiu in Matal-workiiic lamo* i 99 

Comyton and D* Groodet Tht Speed Lathe zamo» i 50 

QremweU'i Treatise on Tootlied Oearinc xamo, z 50 

Treatiae on Belti and PoOefi lamo, z so 

Dana'i Tezt-book of Blementary Mechanics for the Use of Colleges and 

ScJwol* zamo* z 50 

Dinfey's Machinery Fatlsra MaUac lamo, a 00 

Dredge's Record of the Transportation Exhibits Bnilding of the World's 

CohunMan Bzpoaltion of 1893 4to, half morocco, 5 00 

Dtt BoisPs Bkmantary Ptineipiss of Machanicst 

Vol. L~ K in em a t ics 8to, 3 50 

Vol. n.— Stntics 8to, 4 00 

VoLHL— Kinetics 8vo, 350 

Mechanics of Engineering. VoL L Small 4to» 7 50 

VoL II. Small 4to, zo 00 

Dndey'S Einematics of Machines Sto, 400 

fltq(«rald's Boston Machinist z6mo, z 00 

Flatlier'a Dynamometarst and the Measurement of Power zamo, 3 00 

Rope Driving zamo, a 00 

Ooss's Locomotive Sparks Syo a 00 

BalTs Car Luhrication zamo» z 00 

MdOy'is Art of Saw Filing zSmo. 75 

• Johnson's Theoretical Mechanics zamo, 3 00 

Statics hy Graphic and Algebraic Methoda Sto, a 00 

Jones's Machine Design: 

Part L—Xiaem«tks ol Machinery Svo, z 50 

Part IL^Form, Strength, and Proportions of Parts Svo. 3 00 

Kerr's Power and Power T ransmi s si o n Svo, a 00 

Lama's Applied Mechsnics Svo, 7 so 

Leonard s Machine Shops, Tools, and Methods. (In preet.) 

MacCord's Kinematics; or, Practical Mechanism Sro, 5 00 

Velocity Diagrams Svo, z 50 

Maorer's Technical Mechanics. SfO, 4 00 

Merriman's Text-book on the Mechanics of Materials Sfo, 4 00 

• Mkhie's Elements of Analytical Mechanics Sfo, 4 00 

Reagan's Locomotives: Simple, Compound, and Electric lamo, a 50 

Raid's Conne in Mechanical Drawing Svo, a 00 

Text-hook of Mechanical Drawing and Elemantary Mschine Design. .Svo, 3 00 

Rkhards's Compresmd Air zamo, z so 

Robinson's Principles of Mechanism Svo, 3 00 

Ryan, Horris, and Hoxie's Electrical Machinery. VoL I Svo, a so 

Schwamb and Merrill's Elements of Mechanism. (In prees.) 

Sinclair's Locomo ti v e e n gine Running and Management zamo, a 00 

Smith's Press-working of Metali Svo, 3 00 

Materials of Machines zamo, i 00 

Spangler, Greene, and Marshall's Blements of Steam-engineeilng Svo, 3 00 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 

Work Svo, 3 00 

Animal as a Machine and Prime Motor, and the Laws of Energetics, zamo, z 00 

Warren's Blements of Mschine Construction and Drawing Svo, 7 so 

Wsisbach's Kinemstics and the Power of Transmission. (Hemnann— 

Kkin.) Svo, 5 00 

Machinery of Transmission and Governors. (Herrmann— Klein.). Svo, s 00 
Wood's Elements of Analytical Mechanics Svo, 3 00 

Principles of Elementary Mechanics zamo, z as 

Turbines Svo, a 50 

The World's Cohimbian Exposition of zSg3*-.. 4to, z 00 
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MBTALLUR6T. 

Bffletton'i lletalliirgj of SilTer, OoM, Aod Mercurj: 

VoL I.— Sihrer. 8vo, 7 SO 

Vol. n.— Gold and Mercury 8yo, 7 50 

^ Qes'i Load-tmeltinc. (Pottaco 9 centi additional.) zamo, a 50 

Kaop't Caat Iron 8to, 2 50 

Knnbardt't Practice of Ore Droning in Europe 8to, z 99 

LeChatelier'aHigh-tempentureMeaaurementa. (Boudouard — Burgeii.).zamo,3 00 

Metcalf • SteeL A Manual for Steel-uien lamo, a 00 

Smitii't Materials of Machines lamo, z 00 

Thurston's Materials of Bncineering, In Three Parts 8to, 800 

Part n. — Iron and Steel 8vo, 3 50 

Part nL— A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8yo, a 50 

nike's Modem Electrolytic Copper Refining 8to, 3 00 

MHIBRALOOY. 

Bazringer's Description of IQnerals of Commercial Value. Oblong, morocco, a 50 

Boyd's Resources of Southwest Virginia 8to. 3 00 

Map of Southwest Virginia. Pocket-book form, a 00 

Brush's Manual of DetermlnatiTo Mineralogy. (PenfleM.) 8to, 4 00 

Chester's Catalogue of Minerals 8to, paper, z 00 

Cloth, z as 

Dietiooary of the Names of Minerals 8to, 3 50 

Dana's System of Mineralogy. Large 8yo, half leather, za 50 

Fifst Appendix to Dana's Hew ''System of Mineralogy.". . . .Large 8to, z 00 

Text-book of Mineralogy 8to, 4 00 

Minerals and How to Study Them zamo, z 50 

Catatogue of American Localities of Minerals Lazge 8to, z 00 

Manual of Mineralogy and Petrography zamo, a 00 

Bakle's Mineral Tables. Sto, z ag 

Bgleston's Catalogue of Minerals and Synonyms 8to, a 50 

Hussak's The Determination of Rock-forming Minerals. (Smith.) Small 8to, a 00 

Menin's Bon-metallic Minerals: Their Occurrence and Uses. 8to, 400 

• Penileld's Notes on Determinatiye Mineralogy and Record of Mineral Testk 

8to, paper, o 90 
Rosenbusch's Microscopical Physiography of the Rock-making Minerals. 

(Iddings.) 8to, 5 00 

e Tillman's Text-book of Important Minerals and Docks Sto, a 00 

Williams's Manual of Lithology 8to, 3 oo 

Beard's Ventilation of Mines zamo, a so 

Boyd's Resources of Southwest Virginia Syo, 3 00 

Map of Southwest Virginia Pocket-book form, a 00 

• Drinker's Tunneling, Bxploeiye Compounds, and Rock Drills. 

4to, half morocco, as 00 

Biasler's Modem High ExplosiTSS ^ Syo, 4 00 

Fowler's Sewage Works Analyses zamo, a 00 

Ooodyear's Coal-mines of the Western Coast of the United States zamo, a 90 

Ihlseng's Manual of Mining Syo, 4 00 

^ Ilea's Lead-smelting. (Postage pc additionaL) zamo, a 50 

Kunhardfs Practice of Ore Dressing in Burope Sro, z 90 

O'DriscolTs Notes on the Treatment of (Sold Ores Sro, a 00 

• WaUce's Lectures on BxpkNdYes Sro, 4 00 

Wilson's Cyanide Processes zamo, z 90 

(Silorinatlon Process zamo, z 90 

Hydraulic and Placer Mining zamo, a 00 

Treatise on Practical and Tbeoreticdl Mine Ventilation lamo 1 ag 
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SAHITART 8CISHCS. 

Oopakuid'f lUniMl of BActeriology. (/n jw ^ panii ton.) 

fbhrtirt Sewtngt. (Darigning, Conrtrectton ftad llaiiitMUUie«.j 8to» 3 00 

Wftter-fttppljBngtai66riiig .8to, 4 00 

Fntrtei'ft Water and Pnblic HmIUi laaio, t 50 

Water-flltimtion Works lamo, a so 

Otfliard'i Ovide to Sanitary Hoaia impaction i6aio, 1 oo 

Ooodrich't Economical XMvonl of Town's Rsfow Demy 8to. 3 5* 

Bann't Filtration of Public Watw-aapplict 8to, 3 oe 

Kiantod'i Sewaga DifpoMl lamo, i as 

Laach** The Inepection and Analyris of Food vUh Special Reference to State 

ControL {In pnparaHmt.) 
llaeon** Water-aapply. (Conddered Prindpallj from a Sanitary Stand- 

point.) 3d Edition, Rewritlen 8to> 4 aa 

Examination of Water. (Chemical and BacterJologicaL) tamo, tag 

Merrifflan'i Elemanta of Sanitary Engineering 8to, a aa 

Hichole'e Water^upply* (Conridered Xaiaiy from a ChamJcel and Sanituy 

Standpoint) (1883.) 8to, a s» 

Ogden'e Sewer Deeign lamo, a 00 

FrescQtt and Winslow'iElemente of Water Bacteriology, with Special Reference 

to Sanitary Water Analysis. zamo, z as 

* Price's Handbook on Sanitation lamo, i so 

Kichards'S Cost of Food. A Stady in Dietaries lamo, zoo 

Cost of Living aa Modlflad by Sanitary Science zamo, z 00 

Richards and WaodfflaB*^ Air, Water, and Food from a Sanitsry Stand- 
point Sto, a 00 

• Richarda and Williams's The Dietary Computer 8vo, z so 

Rideal's Sewage and Bacterial Purification of Sewaga Svo, 3 So 

Tumeanre and RnsssU's Public Water*«upplies 8to, s 00 

Whipple's Microscopy of Drinking-water Svo, 3 50 

WoodhulTs Rotes and Xilitsry Hygiene z6mo, z so 

MISCBLLAHBOUS. 

Barker's Deep-sea Soundings 8to, a aa 

Emmons's Geological Guide-book of the Rocky Moontain Excursion of the 

International Congress of Geologists Large 8to z go 

Ferrers Popular Tnatiss on the Winds 8to 4 ao 

Haines's American Railway Xanagement zamo» a 50 

Xdtfs Composition, Digestibility, and HutritiTeVahie of Food. Mounted chart z ag 

Fallacy of the Preeent Theory of Sound z6mo z — 

RIcketts's History of Rensselaar Polytechnic Instituts, z8a4-x894* Small Sro, 3 00 

Rotherham's KmphasJied New Testament Large 8vo, a 00 

Steel's Treatise on the Diseases of the Dog Syo, 3 go 

Totten's Important Qoastlon in Metrology Sro a go 

The World's Columbian Exposition ot iSgg 4to, z 00 

Yon Behring's Suppression of Tuberculosis^ (Bolduan.) (In pr9$$J) 
Worcester and Atkioeon. Small HoepltalB, EstabBshment and Msintenance, 
and Suggestions for Hospital Architacture, with Plans for a Small 

H os p i t al zamo, z ag 

HEBREW AHD CHALDSE TEXT-BOOKS. 

Green's Grammar of the Hebrew Language 8to, 3 00. 

Elementary Hebrew Grammar zamo, z as 

Hebfew Chrestomethy. 8vo, a 00 

Gesenias's Hebrew and ChaUee Lexicon to the Old Testament S crlpt u i a s . 

(TrsgeUss.) Small 4to» kalf flMtocco. s 00 

Letteris's Hebrew Bible 8to, a a 
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